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FOREWORD 


The  United  States  Air  Force  Parachute  Handbook  was  prepared  by  personnel  ot . 
Parachute  branch,  Equipment  Laboratory,  WADC,  to  serve  as  a  guide  for  planning,  and 
for  general  design  purposes,  for  parachutes  and  pai  achute  systems  at  the  present  stage 
of  development. 

It  will  be  noted  that  parachute  designs  in  general  are  growing  more  and  more  in¬ 
volved,  aiK  that  specialization  of  types  is  occurlng,  and  will  probably  continue  to  occur, 
at  an  accelerated  rate.  Each  type  has  specific  advantages  and  faults,  which  must  be  bal¬ 
anced  against  purpose  and  application. 

One  point  must  be  stressed:  successful  parachute  systems  are  expensive,  and  they 
require  thoughtful,  painstaking  engineering  to  secure  reliable  operation.  Parachute  sys¬ 
tems  cannot  be  added,  as  an  afterthought,  late  in  missile  or  aircraft  developments  with¬ 
out  causing  a  great  amount  of  redesign  and  prejudicing  the  final  reliability  of  the  system. 

This  Handbook  represents  the  first  major  revision  of  the  USAF  Parachute  Handbook, 
especially  with  respect  to  design  and  construction  of  parachutes,  test  equipment,  and  test 
methods  associated  with  their  development.  It  is  planned  to  revise  the  Handbook  contents 
periodically,  as  enough  new  and  reliable  data  become  available  to  warrant  reprinting. 


Recommendations  with  respect  to  corrections,  dele¬ 
tions,  addition,  or  any  other  changes  to  improve  the  for¬ 
mat  and/or  contents  of  this  Handbook  should  be  forwarded 
to  Commander,  Wright  Air  Development  Center,  Wrignt- 
Patterson  Air  Force  Base,  Ohio,  Attn:  WCLEH-4. 
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ABSTRACT 


Tiie  United  States  Air  Force  Parachute  Handbook  is  a  collection  of  information,  test 
results,  and  other  technical  data  pertaining  to  the  application,  design,  construction,  and 
testing,  of  parachutes,  parachute  systems,  and  accessories.  The  contents  of  this  Hand- 
book  represent  the  state-of-the-art  of  parachute  development,  design,  fabrication,  and 
testing,  and  will  be  amended  as  the  state-of-the-art  advances. 


PUBLICATION  REVIEW 


This  report  has  been  reviewed  and  is  approved. 


FOR  THE  COMMANDER; 


WARREN  P  SHEPAKDSON 
Chief,  Parachute  Branch 
Equipment  LzMratdry 
Directorate  of  Development 
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CHAPTER  I 


SECTION  1 

GLOSSARY  OF  PARACHUTE  TERMS 


The  following  definitions  are  provided  to  aid  in  the  correct 
interpretation  of  the  data  contained  in  this  handbook  and  in 
other  reports  and  articles  on  parachutes  and  their  uses 
published  by  the  United  States  Air  Force. 


accordion  folding.  See  folding,  accordion. 


Adapter,  Harness  Strap 


adapter,  harness  strap  -  a  rectangular  metal 
fitting  with  a  crossbar.  It  is  incorporated 
in  a  parachute  harness  to  permit  proper 
adjustment  of  webbing. 


Adapter,  Harness,  Quick  Fit 


adapter,  harness,  quick  fit  -  an  adapter  with 
the  fixed  crossbar  replaced  by  a  floating 
friction  grip.  The  adapter  is  incorporated 
in  a  harness  web  to  permit  quick  ad¬ 
justment. 

air  bags  -  flexible,  gas-filled  bags  that  are 
inflated  during  load  descent  and  valved 
to  release  their  pressure  upon  ground 
contact  to  absorb  impact  forces. 

apex  -  the  center  and  topmost  point  of  an  in¬ 
flated  parachute  canopy. 

awl  -  a  small,  sharp  pointed  tool  used  to  make 
holes  in  the  fabric  for  hand  sewing. 

backstitch  -  used  to  anchor  a  row  at  stitching 
by  turning  material  and  sewing  back  over 
original  stitching  a  short  distance. 

backstrap  -  a  part  of  the  harness  that  extends 
across  the  small  of  the  wearer’s  back. 
It  may  or  may  not  be  adjustable. 

bag,  deployment  -  a  fabric  container,  contain¬ 
ing  a  parachute  canopy,  often  enclosed  in 
a  parachute  eack.  There  may  or  may  not 
be  provision  for  stowing  suspension  lines 
on  the  bag.  Usually,  either  a  static  line 
or  pilot  chute  lifts  the  deployment  bag 
away  from  the  parachute  pack.  With  this 
system  the  suspension  lines  are  extended 
before  the  canopy  emerges  from  the 
deployment  bag. 

band,  lateral,  lower  -  a  webbing  band  inserted 
in  the  skirt  hem  of  the  drag  producing 
surface  to  reinforce  the  skirt. 

band,  lateral,  upper  -  a  webbing  band  inserted 
in  the  vent  hem  of  the  drag  producing 
surface  to  reinforce  the  vent. 
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band,  pocket  -  a  piece  of  tape  or  line  attached 
at  the  outside  of  the  skirt,  across  radial 
seams,  in  a  manner  that  causes  the 
gores  to  be  pulled  outward  at  inflation, 
thus  improving  the  opening  character¬ 
istics  of  the  canopy. 

band,  reinforcement  -  reinforcing  tape,  web¬ 
bing,  or  ribbon,  inserted  in  varied  posi¬ 
tions  to  reinforce  weak  points  of  con¬ 
struction  or  design  in  a  drag  producing 
surface. 

band,  retainer  -  a  rubber  band  used  to  hold 
folded  suspension  lines  or  static  lines  to 
pack. 

bar,  packing  -  a  long,  flat,  bar  of  metal, 
plastic,  or  wood,  ue~d  to  'old  the  canopy 
erf  a  parachute  during  in «  packing  proc¬ 
ess,  and  to  aid  in  closing  the  park. 

oar  tack  -  a  concentrated  series  of  zigzag-Lke 
stitches  used  to  reinforce  points  of 
stress. 

basting  -  temporary  stitching,  usually  with 
long,  loose  stitches. 

binding  -  a  piece  of  tape  or  fabric  folded  over 
and  stitched  to  a  raw  edge  of  the  faDric 
to  prevent  raveling  or  fraying. 

blanketing  -  a  result,  caused  by  the  relative 
air  flow  over  a  load  or  body,  which  op¬ 
poses  the  intended  action  of  a  pilot  chute 
or  parachute  canopy  by  reversal  of  flow 
and  turbulence. 

board,  tension  -  a  device  that  is  usually  hooked 
to  the  parachute  connector  links  to  place 
tension  on  the  canopy  during  inspection 
and  packing. 

bobbin  -  a  small,  metal  spool  used  to  hold 
thread,  as  in  a  sewing  machine. 

bodkin  -  a  large -eyed  needle,  flat  or  round, 
and  usually  blunt,  used  to  draw  tape, 
ribbon,  elastic,  or  cord  through  a  loop 
or  hem. 

bolt  -  a  compact  package  or  roll  of  fabric  of 
any  standard  width,  used  in  the  United 
States  as  a  measuring  term  for  a  length 
of  40  yards  of  material. 

bottom,  false  -  a  piece  of  pack  fabric  stitched 
to  the  inside  of  a  pack  for  the  purpose  of 
retaining  the  pack  frame;  it  also  serves 
as  a  base  for  stitching  of  the  suspension 
line  retaining  loops. 


breakcord  -  a  thread  or  tape  tied  between 
parachute  components  that  is  intended  to 
break  tinder  desired  load  during  deploy¬ 
ment. 

breathing,  canopy  -  the  pulsating  or  pumping 
action  of  an  inflated  parachute  canopy 
during  descent. 

bridle  -  the  arrangement  of  cords  attaching 
the  pilot  chute  to  the  apex  of  one  or 
more  parachute  canopies,  or  to  the  de¬ 
ployment  bag  or  bags  containing  those 
canopies. 

bungees.  See  elastics,  pack  opening. 

burns,  friction  -  the  result  of  rapid  rubbL^, 
together  of  two  textile  surfaces,  gen¬ 
erating  frictional  heat,  which  reduces  the 
tensile  strength  of  the  textile  and  causes 
deterioration  of  individual  threads.  It 
occurs  primarily  during  parachute  de¬ 
ployment  and  Initial  inflation. 

cabinet,  drying  -  a  facility  used  for  the  ac¬ 
celerated  drying  of  parachutes. 

cable,  ripcord  -  a  flexible  cable  joining  the 
locking  pins  and  the  ripcord  grip.  The 
ripcord  cable  usually  is  of  carbon  steel 
or  corrosion-resistant  flexible  steel, 
normally  3/32  inch  in  diameter.  It  con¬ 
sists  of  seven  strands  with  seven  wires 
per  strand. 


Canopy 


canopy  -  the  portion  of  a  parachute  consisting 
of  the  drag  producing  surface  (cloth  area) 
and  the  suspension  lines  extended  to  a 
mutual  confluence  point. 
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Charnel,  Parachute  Canopy 

channel,  parachute  canopy  -  the  space  or  open¬ 
ing  through  which  the  suspension  lines 
are  passed.  It  is  formed  by  the  over¬ 
lapping  of  the  fabric  in  the  main  seams, 
or  by  the  additibn  of  cover  tape  to  the 
drag  producing  surface. 

cheststrap  -  one  of  the  harness  straps,  sewed 
across  the  chest  with  a  snap  and  a  ta¬ 
ring  to  prevent  the  wearer  fijoni  falling 
out  of  the  harness. 

chute  -  a  term  used  interchangeably  with  the 
word  "parachute." 

clevis  •  a  U-shaped  metal  fitting  with  a  hole  in 
each  end  to  receive  a  pin  or  bolt.  It  is 
used  on  cargo  parachutes  and  heavy  drop 
kits. 

clip,  safety  -  a  U-shaped  meial  fitting  J3ed  to 
prevent  the  accidental  opening  of  the 
parachute  harness  release. 

cluster  -  a  group  of  two  or  more  parachutes 
that  are  attached  to  a  single  lead  and 
designed  to  open  simultaneously. 


Cone,  Pack 


cone,  pack  (locking  cone)  -■  a  small,  cone- 
shaped  metal  pest  sewn  to  one  of  the 
side  flaps  of  the  pack.  A  hole  i*  drilled 
longitudinally  through  the  cone  a  short 
distance  from  the  top  to  admit  the  rip¬ 
cord  locking  pin.  Grommets  of  the  op¬ 
posing  flap  and  the  end  tabs  are  placed 
over  the  cones  and  are  held  tightly  in 
place  by  the  insertion  oi  ripcord  pins 
in  the  holes  provided. 

construction,  bias  -  a  type  of  construction  for 
drag  producing  surfaces  in  which  the 
sections  are  cut  and  arranged  in  the 
gores  so  that  the  threads  and  section 
seams  make  an  angle  of  other  thaia  00° 
(usually  45”)  to  the  centerlines  oi  the 
gores.  Bias  construction  is  used  for 
additional  strength,  and  for  the  economy 
of  material  that  can  be  achieved  by  cut¬ 
ting  sections  from  standard  width  ma¬ 
terials. 

construction,  block  -  a  type  oi  drag  producing 
surface  construction  In  which  the  sec¬ 
tions  are  cut  and  arranged  in  the  gores 
so  that  the  warp  threads  and  section 
•  seams  make  an  angle  of  90*  to  the  cen¬ 
terline  of  the  gore  and  are  parallel  to 
the  skirt  hem. 

container,  aerial  delivery  -  a  container  de¬ 
signed  for  the  purpose  of  dropping  equip¬ 
ment  and  supplies  by  parachute  from 
aircraft  in  flight.  The  container  may  be 
constructed  of  cotton,  duck,  metal,  fiber¬ 
glass,  plywood,  netting,  or  other  suitable 
material,  depending  on  the  type,  weight, 
and  shape  of  the  cargo  to  be  delivered. 
The  container  may  or  may  not  incorpo¬ 
rate  a  harness  for  transmitting  forces 
developed  during  parachute  canopy  open¬ 
ing,  and  it  may  be  carried  on  external 
racks  or  inside  the  aircraft. 

cords.  See  lines,  suspension. 

cord,  arming  -  a  cord  that  pulls  the  firing 
wire  out  oi  a  reefing  line  cutter,  or 
other  actuating  device,  thereby  arming 
the  device. 

cushion,  back  -  a  pad  attached  to  the  inside 
of  the  harness  of  personnel  parachutes 
to  provide  comfort  for  the  wearer,  and 
to  hold  the  harness  in  place. 
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cutter,  reefing  line  -  a  device  designed  to 
cut  through  the  reefing  line  of  a  canopy. 
It  normally  Incorporates  a  delay  device 
(mechanical  or  pyrotechnical),  a  power 
device  (mechanical  or  pyrotechnical),  and 
an  attached  cutter. 


damping  *  the  reduction  of  induced  oscillation 
of  a  parachute  canopy  during  descent. 


dart  -  a  short,  tapered  seam. 


deployment  -  that  portion  of  a  parachute's 
operation  occurring  from  the  initiation 
of  ejection  to  the  instant  the  lines  are 
fully  stretched,  but  prior  to  the  inflation 
of  the  canopy. 


deployment,  bag  -  a  method  of  canopy  deploy¬ 
ment  utilising  a  container,  usually  of 
fabric,  lor  retaining  the  drag  producing 
surface  of  the  canopy  until  the  suspen¬ 
sion  lines  are  deployed.  This  reduces 
the  snatch  force  by  allowing  the  ac¬ 
celeration  of  the  canopy  mass  in  small 
Increments  only.  The.  lines  may  or  may 
not  be  stowed  on  the  bag,  depending  on 
the  Intended  use.  (See  big,  deployment.) 


deployment,  (controlled)  hag  -  a  method  of 
canopy  deployment  In  which  the  deploy¬ 
ment  bag  Is  attached  to  a  static  line  and 
remains  on  the  static  line  alter  the 
canopy  is  released. 

deployment,  (free)  bag  -  a  method  of  canopy 
deployment  in  which  the  deployment  bag 
is  attached  to  a  pilot  chute.  When  a 
static  line  is  used  to  open  a  pack,  the 
bag  remains  in  the  pack  until  it  is  re¬ 
moved  by  the  pilot  chute. 

development  -  that  portion  of  a  parachute's 
operation  occurring  from  the  moment  of 
Initial  canopy  inflation,  alter  completion 
of  deployment,  to  the  nom9nt  of  full 
inflation  of  the  canopy.  Used  synony¬ 
mously  with  "inflation." 

diameter,  constructed  -  a  designation  of  the 
size  of  a  parachute  canopy,  based  upon 
design  dimensions. 


diameter,  nominal,  Do  -  the  computed  diam¬ 
eter  designation  of  any  design  of  para¬ 
chute  canopy,  whi^h  equals  the  diameter 
of  a  circle  having  the  same  total  area 
as  the  toiai  cloth  area  of  the  drag  pro¬ 
ducing  surface.  The  .total  cloth  area  is 
based  on  the  surface  area  and  does  in¬ 
clude  all  opening  in  the  drag  producing 
surface,  such  as  slots  and  vent.  Since  it 
referti  to  all  canopies  on  a  common  ba¬ 
sis,  that  is,  surface  area,  this  method  of 
diameter  designation  is  preferred  for 
comparison  of  different  designs  ol  para¬ 
chute  canopy.  For  parachutes  that  have  a 
vent  area  larger  than  1%  of  the  total 
area,  the  vent  area  1b  deducted  from  the 
total  area  (for  example,  airfoil  para¬ 
chutes).  This  term  is ;  not  used  for  para¬ 
chutes  of  the  guide  surface  type. 

i 

diameter,  projected,  Dp  -  the  mean  diameter 
of  the  Inflated  canopy,  measured  In  the 
plane  of  the  maximum  cross  section 
area.  On  canopies  where  the  fabric 
curves  out  between  the  suspension  lines, 
the  projected  diameter  is  the  moan  diam¬ 
eter  of  the  inner  and  outer  diameters. 


disconnect,  ground  -  a  device  that  instantane¬ 
ously  releases  the  parachute  canopy  from 
the  suspended  load  upon  ground ;  contact. 
This  device  may  be  actuated  electrically, 
by  the  action  of  ground  contact  switches 
or  "G"  sensing  devices;  or  tt  may  be 
entirely  mechanical  and  sensitive  to 
canopy -load  reduction. 


disreefing  -  the  process  of  removing  or  chang¬ 
ing  the  restrictive  characteristics  of  a 
renting  system  to  increase  the  drug  area 
of  a  parachute  canopy.  This  may  be  ac¬ 
complished  in  one  step,  in  several 
stages,  or  continuously,  until  the  canopy 
is  fully  inflated. 


double  -W  ••  a  type  of  reinfor  cing  stitch  in  which 
one  W  is  offset  approximately  1/4  inch 
and  superimposed  upon  another  W. 


drift  -  the  horizontal  displacement  of  the  para¬ 
chute  canopy  during  descent.  This  may  be 
caused  by  wind  drift,  or  by  the  gliding 
at  the  parachute  canopy. 
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D-Ring 


D-rlng  -  a  metal  fitting  shaped  like  a  D  Into 
which  snap  connectors  are  hooked. 

dummy,  parachutes  -If torso-shaped  dummy  of 
variable  weight!  used  for  testing  para¬ 
chutes.  It  may  Its  of  fixed  or  articulated 
'construction. 

elastlcu,  flap  removing.  Bee  elasticB,  pack 
openlaf 

olaatlcs,  pack  opening  -  elastic  cords,  with  a 
mean)  of  attachment  at  each  end,  in¬ 
stalled  on  the  pack  under  tension,  used 
to  separate  the  end  flaps  from  the  side 
flaps  when  the  ripcord  la  pulled.  These 
cords  may  be  either  rubber  or  metal 
springs. 


Eye 


eye  -  a  small,  steel-wire  loop  attached  to  the 
parachute  pack,  Into  which  is  fastened  a 
hook  on  a  pack-opening  elastic. 


Eyelet,  or  Grommet 


eyelet  -  a  small,  metal  reinforcement  for  a 
hole  in  fabrics,  similar  to  a  grommet, 
but  thinner  and  smaller,  and  having  no 
Washer.  The  eyelet  Is  used  to  reinforce 
lading  holes  in  small  covers. 

fastener,  glove  -  a  small,  metal  fastener  con¬ 
sisting  of  button  with  socket  and  stud  with 
eyelet. 

fastener,  "Lift-the-Dot"  -  a  small,  metal  de¬ 
vice  made  of  four  parts:  the  stud,  the 
washer,  the  socket,  and  the  clinch  plate. 
When  the  stud  Is  manufactured  with  a 
screw  base,  the  washer  Is  eliminated. 
"Lift-the-Dot"  fasteners  are  made  in 
several  types  of  metal,  with  different 
stud  lengths  for  use  with  the  various 
weights  of  material.  The  term  "LUt- 
the-Dot"  Indicates  that  the  fastener  is 
opened  by  lifting  at  one  point  only,  that 
is,  at  a  position  beneath  the  small  "dot" 
on  the  socket. 


fastener,  parachute  pack  -  a  metal  Hiding  at¬ 
tached  to  a  pack  flap  and  designed  to 
fit  over  a  locking  cone. 

fastener,  "Tri-look"  -  a  button-type  fastener 
that  provides  for  release  in  only  one 
quadrant.  It  serves  the  same  purpose 
as  a  "Lift -the -Dot"  fastener,  but  it  pro¬ 
vides  a  smoother  surface. 

fid  -  a  small,  flat,  tapered  bar  of  metal  or 
wood  used  during  packing  to  insert  the 
corner  flaps  into  the  pack. 


n 
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filling  -  also  called  woof.  These  are  the 
threads  that  run  across  the  cloth  as  It 
comes  from  the  loom.  This  term  is  not 
to  be  confused  with  "filling"  in  the  sense 
of  siding,  which  means  the  addition  of 
substances  that  give  body  Or  decreased 
porosity  to  the  material. 

FIST  -  abbreviated  torm  used  to  designate 
narrow  ribbon-type  canopies.  These  can¬ 
opies  are  characterized  by  gores  con¬ 
structed  at  ribbons,  usually  2  Inches  in 
width,  placed  parallel  to  the  skirt,  with 
slots  of  predetermined  dimensions  be¬ 
tween  the  ribbons.  These  canopies  were 
first  designed  in  Germany  by  Flugtech- 
nlsches  Institut  Der  Technischen  Hoch- 
schule  Stuttgart. 

flap,  locking  pin  protector  -  a  flap  that  covers 
the  locking  pins  and  cones  to  prevent 
the  pack  from  being  opened  by  any  means 
other  than  pulling  the  ripcord. 

flap,  pack  -  a  fabric  extension,  on  a  side  or 
end  of  the  pack,  designed  to  enclose  and 
protect  the  canopy. 

flaring  -  method  of  splitting,  taping,  and  stitch¬ 
ing  the  end  of  the  webbing  to  widen  it  and 
prevent  it  from  slipping  through  a  fas¬ 
tener  or  adapter. 

folding,  accordion  -  folding  a  canopy  into 
folds  of  uniform  length,  accordion  fash¬ 
ion,  before  lit  is  placed  into  the  pack.  A 
folding  bar  can  be  used  to  help  make 
neat  and  properly  spaced  folds. 


force,  snatch  -  a  force  of  short  duration  that 
is  imposed  by  the  sudden  acceleration  of 
the  canopy  mass  at  the  instant  of  com¬ 
plete  extension  of  the  suspension  lines 
or  components  of  a  parachute  system 
prior  to  Inflation  at  the  canopy. 


tfortisan  -  a  cellulose  fabric  that  has  great 
strength  but  very  little  elasticity. 


Gore,  Drag  Producing  Surface 

gore  -  that  portion  of  the  drag  producing  sur 
face  contained  between  two  adjacent  sus 
pension  lines  or  radial  seams. 


grip.  See  handle,  ripcord. 
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grommet  -  a  metal  eyelet  ami  washer,  used 
as  a  reinforcement  around  a  hole  in 
fabric.  Grommets  are  used  on  pack  flaps 
to  fit  over  locking  cones. 

handle,  ripcord  -  a  metal  loop  designed  to 
provide  a  grip  for  pulling  locking  pins 
from  the  locking  cones  of  ripcord- 
actuated  parachutes. 

hardware  -  all  metal  fittings  used  on  para¬ 
chutes,  parachute  systems,  and  sus¬ 
pended  loads. 

harness  -  an  arrangement  of  webbing,  with 
metal  fittings,  designed  to  conform  to 
the  shape  of  the  load  In  order  to  secure 
it  properly,  and  to  properly  distribute 
the  opening  shock  and  the  weight  of  the 
load. 

hem  -  fabric  folded  back  upon  itself  and  sewed 
'  in  this  position  to  form  both  the  peri¬ 
pheral  edge  ahd  the  vent  eg  the  canopy. 

hesitator,  skirt  -  a  device  that  restricts  the 
skirt  of  the  drag  producing  surface,  thus 
preventing  inflation  until  the  completion 
of  the  snatch  force,  at  which  time  the 
hesitator  line  breaks  and  allows  infla¬ 
tion  of  the  canopy.  This  device  reduces 
snatch  force  and  canopy  malfunctions. 

hook,  apex  -  a  hook  placed  at  the  end  of  the 
packing  table  to  position  and  hold  the 
apex  of  the  canopy  to  keep  it  under 
tension  for  packing  or  inspection. 


Hook,  Pack-Opening  Elastic 


hook,  pack-opening  elastic  -  small,  formed, 
steel-wire  devices  attached  at  both  ends 
of  pack-opening  elastics.  These  are 
hooked  in  the  eyes  sewn  on  the  pack. 


housing,  ripcord  -  a  flexible  metal  tubing  in 
which  the  ripcord  cable  is  installed.  The 
tubing  protects  the  ripcord  cable  from 
snagging  and  provides  a  free  path  for  it. 

hods,  stow  -  a  packing  tool  consisting  of  a 
handle  and  a  beat  wire  hook.  It  is  used 
to  pull  the  suspension  lines  into  place 
in  stow  loops  during  packing  of  certain 
types  of  parachute  canopies. 

keepers,  (pack,  harness,  suspension  lines)  - 
length  of  webbing  sewed  on  si  pack,  or 
around  suspension  lines,  and  adjusted  to 
hold  the  pack  firmly  to  the  harness  or 
load  on  which  it  is  used,  or  to  form  a 
confluence  point  for  suspension  lines  to 
prevent  relative  movement  of  lines. 


Knot,  Clove  Hitch 

knot,  clove  hitch  -  a  type  of  knot  used  for 
attaching  the  suspension  lines  of  a  can¬ 
opy  to  the  connector  links. 

legstrap  -  that  part  of  tho  harness  that  passes 
under  the  wearer's  leg  and  connects  to 
the  legstrap  loop;  or  passes  under  the 
wearer's  leg,  through  the  strap  loop, 
and  to  the  harness  release. 

Uftweb  -  that  part  of  the  harness  comprising 
the  main  webbing  support,  extending  from 
the  connector  links  down  through  the 
saddle  and  up  to  the  opposite  connector 
links. 

line,  reefing  -  a  length  of  cord  or  line  passed 
through  rings  on  the  skirt  of  the  drag 
producing  surface  to  delay  or  control 
opening  of  the  canopy. 

line,  static  -  a  line,  cable,  or  webbing,  one 
end  of  which  is  fastened  to  the  pack, 
canopy,  or  deployment  bag,  and  the  other 
to  some  part  of  the  launching  vehicle.  It 
is  used  to  open  a  pack  or  to  deploy  a 
canopy. 
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line',  suspension  -  cords  or  webbings  of  silk, 
nylon,  cotton,  rayon,  or  other  textile 
materials,  that  connect  the  drag  pro¬ 
ducing  surface  of  the  canopy  to  the  har¬ 
ness.  They  provide  the  means  for  sus¬ 
pension  of  the  person  or  load  from  the 
inflated  drag  producing  surface. 


line-stowing  -  the  process  of  drawing  the 
suspension  lines  int<<  suspension-line  re¬ 
taining  loops  In  tlu  parachute  pack  to 
prevent  entanglement  of  the  lines  during 
opening  of  the  canopy.  Stows  inay  be  held 
by  retaining  loops  or  rubber  bands,  or 
may  be  tied  to  stowing  straps, 

lines,  twisted  suspension  -  a  type  of  malfunc¬ 
tion  during  canopy  deployment  caused  by 
rotation  of  a  suspended  loilid,  or  pack,  in 
relation  to  the  position,  cd  the  canopy.  One 
full  twist  Is  defined!  as  a  380-dogrec 
rotation.  This  method  is  also  used  to 
increase  the  opening  time,  and  decrease 
the  opening  shock,  of  canopies  used  for 
drap  parachute  applications. 


Link ,  Connector 


link,  connector  -  usually  identified  as  a  small, 
rectangular  metal  fitting  used  to  connect 
ends  of  risers  or  lift  webs  to  suspension 
lines.  The  suspension  lines  are  tied  and 
sewn  about  one  part  oi  the  link,  and  the 
webs  are  stitched  about  the  other  part. 
The  design  of  the  link  may  vary  in  size 
and  shape,  according  to  the  intended  use. 


Link t  Connector,  Separable 


link,  connector,  separable  -  any  connector  link 
comprised  of  readily  separable  elements, 
which  may  be  used  to  facilitate  assembly 
of  parachute  canopies  to  a  riser  system. 

loading,  canopy  -  parachute  canopy  loading  is 
defined  as  the  ratio  of  the  force  trans¬ 
mitted  from  the  canopy  to  the  suspended 
load  to  the  drag  area  of  the  canopy. 

loop,  retaining  -  loop  of  webbing  or  tape, 
UBually  elastic,  used  to  hold  folded  lines 
or  excess  webbing  la  position. 

loop,  stow  -  webbing  loop  on  deployment  bag 
or  pack  designed  to  hold  suspension  lines 
in  place  on  packed  parachutes. 

lug  -  a  flat,  metal  fitting  attached  to  the  ends 
of  harness  webbing  to  provide  attachment 
to  the  harness  release. 

malfunction  -  the  complete  or  partial  failure  of 
a  canopy  to  achieve  proper  opening  and 
descent.  Some  causes  of  malfunction  are 
high  porosity,  canopy  damage,  twisted 
suspension  lines,  improper  picking  or 
rigging,  and  improper  or  blanketed  de¬ 
ployment. 

misplck  -  a  pick  that  failed  to  pass  over  or 
under  the  appropriate  warp  yarns  during 
weaving. 

opening,  premature  -  any  accidental  opening 
of  the  canopy  before  the  designated  time 
of  opening. 

oscillation  -  the  pendulum-like  motion  of  a 
parachute  suspended  load  during  descent. 
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pack  (pack  assembly)  term  "pack"  usually 
demotes  ahe  co«  ‘-er  alone.  When  so 
used,  it  is  deiinea  u  a  container  that 
encloses  the  canopy  and  provides  for  a 
means  of  opening  to  allow  deployment  of 
the  canopy.  The  canopy  may  or  may  not 
be  placed  in  a  deployment  bag  or  s  leeve. 

pack  cover  -  a  piece  of  duck  or  canvas  with 
static  line  attached,  used  to  cover  packed 
canopy  in  some  types  of  pack  assemblies. 

pack  end  tab  -  a  metal  fitting  secured  to  each 
end  flap  of  a  pack.  The  end  tabs  fit  over 
locking  cones  and  secure  the  end  fla^ts 
in  a  closed  position  until  the  locking  pins 
are  pulled. 

pack  flap  -  a  fabric  extension  on  a  side  or 
end  of  the  pack  body  designed  to  enclose 
and  protect  the  canopy. 

pack  frame  -  a  rigid  or  flexible  frame  used  to 
maintain  desired  pack  shape. 

paddle  -  a  flat,  narrow  piece  cf  wood  used  for 
dressing  the  parachute  pack  and  for 
stowing  certain  webbings  or  flaps  in  re¬ 
tainers. 

palm,  sewing  -  a  hand  protector  used  in  heavy 
hand  sewing  to  direct  the  needle  through 
heavy  material. 

parachute  -  an  assembly  consisting  of  canopy, 
risers,  or  bridles,  deployment  bag,  and, 
in  some  cases,  a  pilot  chute.  The  pack 
and  attaching  webbings  (harness)  are 
considered  a  part  of  the  parachute  when 
they  are  not  built  into  the  suspended  load 
as  an  Integral  part. 

parachute,  aerial  delivery  -  a  parachute  de¬ 
signed  to  deliver  equipment  and  supplies 
from  an  aircraft  in  flight.  It  is  used 
synonymously  with  the  term  "cargo 
chute.” 

parachute,  approach,  landing  -  a  parachute 
used  in  flight  to  improve  jet  aircraft 
flight  characteristics  during  normal 
landing  approach,  or  in  approach  under 
marginal  weather  conditions. 

parachute,  attached  type  -  a  parachute,  the 
pack  of  which  is  so  attached  to  an  air¬ 
craft  that  the  canopy  deploys  from  the 
pack  as  the  load  fails  away. 


parachute,  back  type  -  a  parachute  designed  to 
be  worn  on  a  wearer's  back  and  shoul¬ 
ders. 

parachute,  chest  type  -  a  parachute  designed 
for  attachment  to  the  wearer's  chest. 


parachute,  deceleration,  landing  -  a  parachute 
used  generally  on  jet  aircraft  to  decrease 
aircraft  landing  roll.  "Parachute,  drag," 
is  used  as  an  alternate  ter'in. 

parachute,  extraction  -  a  parachute  used  to 
extract  cargo  from  aircraft  in  flight, 
and  to  deploy  cargo  parachutes. 


parachute,  first  stage  -  a  parachute  used  to 
decelerate  and  stabilize  a  falling  object 
so  that,  either  the  Intermediate  6r  the 
final  recovery  parachute  can  be  safely,, 
deployed*  This  term  applies  only  to  para¬ 
chute  recovery  systems.?  The  terms 
drogue  and  parabrake  may  be  uaod  also; 

:  •  however,  the  use  ol  these  terms  is  being 
discouraged.  >? 

parachute,  free  type  -  it  parachute,  not  attached 
to  an  aircraft,  that  is  operated  by  the 
jumper  rt  his  discretion. 

parachute,  Intermediate  -  a  parachute  that  has 
the  purpose  of  further  decelerating  ah 
object,  after  the  first  stage  parachute  Has 
been  disconnected,  to  a  speed  at  which  It 
is  safe  to  deploy  the  final  recovery  para¬ 
chute.  This  term  applies  only  to  para¬ 
chute  recovery  Systems. 

parachute,  personnel  -  a  parachute  used  to 
lower  personnel  from  aircraft  in  flight. 

parachute,  preserve  -  a  second  parachute,  usu¬ 
ally  worn  on  the  chert  of  personnel 
making  a  premeditated  jump.  It  is  used 
in  the  event  of  malfunction  of  the  main 
parachute. 

parachute,  stabilization-brake  -  a  parachute 
used  to  maintain,  or  to  make  it  possible 
to  maintain,  the  attitude  of  a  falling  body, 
and  to  retard  its  fall. 

parachute,  static  line  type  -  a  parachute  In 
which  deployment  of  the  canopy  is  initi¬ 
ated  by  means  of  a  static  line  attached  to 
an  aircraft.  Both  "troop  type"  and  some 
"aerial  delivery  type"  paiachutes  may 
be  placed  in  this  category. 
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parachute,  troop  type  -  a  parachute  used  pri¬ 
marily  by  paratroopers  for  a  premedi¬ 
tated  jump  over  a  designated  area. 

parachute  rotation  -  the  turning  of  a  parachute 
canopy  about  its  vertical  axis  during 
descent. 

peak.  See  apex. 

por Disability  -  a  term  used  to  designate  the 
measured  volume  of  air  in  cubic  feet  that 
will  flow  through  one  square  foot  of  cloth 
in  one  minute  at  a  given  pressure.  In 
the  United  States,  permeability  is  meas¬ 
ured  by  using  a  pressure  of  one-half 
inch  of  water.  In  Great  Britain,  10  Inches 
of  water  pressure  is  used. 


pick  -  an  individual  filling  yarn  in  webbing  or 
fabric. 


;  4 


Pilot  Chute 

pilot  chute  -  a  small  parachute  used  to  accel¬ 
erate  deployment.  It  is  constructed  in 
much  the  same  manner  as  the  main 
canopy,  from  similar  material.  Some 
types  of  pilot  chutes  are  equipped  with  a 
spring  operated,  quick  opening  device. 
The  frame  is  so  compressed  that  it  will 
open  immediately  when  it  is  released 
from  the  pack. 

pin,  clevis  -  a  metal  rod,  which  is  fitted  with 
a  cotter  pin  or  is  threaded,  then  inserted 
through  holes  in  the  end  of  the  clevis  to 
close  its  open  end. 


Pin,  Locking 


pin,  locking  -  short,  metal  prongs  attached  to 
a  ripcord  cable.  Locking  pins  are  in¬ 
serted  into  locking  cones  to  secure  the 
pack  flapB  as  a  function  of  closing  a 
parachute  pack. 

pin,  ripcord.  See  pin,  locking. 

platform  -  a  base  of  metal  and  wood  that 
serves  as  the  support  on  which  equip¬ 
ment  may  be  loaded  for  aerial  delivery 
purposes. 

pocket,  log  record  -  a  small  patch  pocket 
sewed  to  a  part  of  the  parachute,  usually 
the  pack,  for  carrying  the  parachute 

packing  record  card. 

.  / 

porosity  -  the  ratio  of  open  space  to  covered 
area  of  the  drag  producing  surface.  (Used 
for  Ribbon,  Rlngslot,  and  Rotdfoll  type 
canopies.) 

rate  of  descent  -  the  vertical  velocity,  in  feet 
per  seccnd,  of  a  fully  opened  parachute 
canopy. 

recovery  system,  parachute  -  a  parachute 
recovery  system  Includes  all  ItemB  that 
are  required  to  recover  an  object  from 
flight  and  to  land  it  safely  on  the  ground 
or  on  water  with  a  minimum  of  damage. 
In  general,  the  following  subsystems  are 
included:  first  stage,  intermediate,  and 
final  recovery  parachutes;  Controlling 
devices;  actuating  devices;  and  landing 
or  flotation  devices,  or  both. 

reefing,  skirt  -  a  restriction  of  the  skirt  of  a 
drag  producing  surface  to  a  diameter 
less  than  the  diameter  when  it  is  fully 
inflated.  Reefing  is  used  to  decrease  the 
opening  shock,  to  decrease  drag  area, 
and  to  obtain  stability. 

release,  canopy  -  a  device  that  is  designed  to 
permit  rapid  separation  of  canopy  and 
risers  from  the  suspended  load. 

release,  harness  -  a  manually  operated  device 
incorporated  in  a  harness.  It  is  designed 
to  permit  the  rapid  release  of  the  har¬ 
ness  from  the  wearer. 
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repairs,  minor  -  any  repairs  required  to 
return  the  parachute  to  perfect  condi¬ 
tion,  but  which,  if  not  made,  wili  not 
seriously  affect  its  performance  or  air¬ 
worthiness. 

rings,  reefing  -  metal  rings  attached  to  the 
skirt  of  a  drag  producing  surface  at  the 
suspension  line  connection  points  through 
which  a  reefing  line  is  passed.  These 
rings  are  designed  to  eliminate  any  hing¬ 
ing  action  in  the  ring,  with  consequent 
binding  of  the  reefing  line. 

ripcord  -  a  locking  device,  consisting  of  cable, 
locking  pins,  and  grip,  that  secures  the 
pack  in  a  closed  condition.  It  effects 
the  release  of  the  canopy*. 

riser  -  that  portion  of  the  suspension  system 
between  the  lower  end  of  a  group  of 
suspension  lines  or  canopies  and  the 
point  of  attachment  to  the  load.  Since  it 
must  be  as  strong  as  the  total  strength 
of  all  suspension  lines  attached  thereto, 
It  usually  is  fabricated  from  high- 
strength  material,  such  as  webbing,  or, 
In  some  cases,  steel  cables. 

saddlo  -  the  part  of  the  harness  that  is  posi¬ 
tioned  in  the  main  lift  web  at  the  seat 
of  wearer  and  widened  and  reinforced 
to  provide  a  seat  or  sling  for  the  wearer. 
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sail  -  a  term  used  to  designate  a  condition 
noted  in  the  deployment  of  a  parachute 
canopy  when  the  canopy,  just  after  leav¬ 
ing  its  pack  but  still  attached  to  a  static 
line,  is  exposed  broadside  to  the  air- 
stream  and  temporarily  assumes  a  shape 
similar  to  a  sail.  When  using  a  deploy¬ 
ment  bag,  the  same  condition  may  occur 
when  the  suspension  lines  have  extended 
but  the  drag  producing  surface  is  still 
in  the  deployment  bag. 

seam  -  the  fold  or  line  formed  by  the  sewing 
together  of  two  pieces  of  material. 

seam,  bias  -  the  radial  or  diametral  seam  of 
a  bias  constructed  drag  producing  sur¬ 
face. 

seam,  block  -  a  seam  that  runs  parallel  to  the 
warp,  or  filling  threads,  of  material 
used  in  block  construction  of  drag  pro¬ 
ducing  surfaces. 

seam,  diagonal  -  the  diagonal  or  horizontal 
seams  that  join  the  sections  of  each 
gore  of  a  bias  constructed  drag  producing 
surface. 


Seam,  English  Fell 

seam,  English  fell  -  a  type  of  seam  in  which 
one  piece  of  material  is  folded  back  on 
itBelf  and  the  other  piece  is  a  plain  over- 


Seam,  Folded  Fell 


seam,  folded  fell  -  In  forming  this  type  of  shock,  landing  -  the  force  imposed  upon  the 
seam,  the  plies  of  material  are  first  suspended  load  at  ground  impact, 

joined  as  shown  in  (a).  The  one  ply  is 
then  turned  back,  the  edge  of  the  other 

ply  is  turned,  and  the  two  plies  are  shock,  opening  -  the  maximum  force  developed 
sewed  with  a  second  row  of  stitching,  during  inflation  of  the  canopy, 

as  shown  in  (b). 


G 

— — 

ED 

shoulder  strap  -  that  part  of  the  harness  which 
crosses  the  wearer's  shoulder. 


shot  bag  -  a  parachute  packing  tool.  A  rec¬ 
tangular  duck  bag  is  filled  with  sand  or 
shot  and  used  to  hold  folded  gores  in 
position  during  packing. 


Seam,  French  Fell 


seam,  French  fell  -  this  type  of  seam  is 
formed  by  turning  the  edges  of  both 
plies  erf  the  material,  lapping  them  as 
.  shown  in  the  Hketch,  and  sewing  with 
two  (or  more)  rows  of  stitches,  which 
also  secures  the  turned  positions. 

seam,  radial  -  a  seam  that  extends  from 
the  skirt  to  the  vent  and  joins  two  gores. 
A  portion  of  the  suspension  lines  may  be 
concealed  in  the  tubes  formed  by  the 
radial  seams. 

searing  -  method  of  sealing  ends  <rf  nylon 
cord  or  webbing  by  melting  them  to  pre¬ 
vent  raveling. 

section  -  any  one  of  the  pieces  of  cloth  which, 
when  assembled,  form  one  gore  of  a 
drag  producing  surface. 

selvage  -  the  woven  edge  of  cloth. 

separator,  line  -  a  slotted  metal  or  wood 
device  used  to  hold  suspension  lines 
at  the  canopy  skirt  after  separation  into 
groups  during  packing. 

serving  -  a  method  of  wrapping  or  binding  the 
ends  of  cord  or  line  so  they  will  not 
unravel,  or  to  provide  protection  for 
loops.  It  is  also  referred  to  as  whipping. 
Served  loops  are  sometimes  used  to 
replace  connector  links  at  the  load  end 
of  the  suspension  lines.  The  latter  con¬ 
struction,  however,  makes  maintenance 
costly  and  difficult. 

shock,  deployment.  See  force,  snatch. 
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Single -x  Stitch 


slngle-x  -  a  stitch  pattern  representing  an  X- 
formation,  usually  used  with  a  boxstitch. 


skirt  -  the  reinforced  hem  forming  tKe  peri¬ 
phery  of  a  drag  producing  surface. 


sleeve  -  a  tapered,  fabric  tube  in  which  n 
canopy  is  placed  to  control  its  deploy¬ 
ment. 


slipping,  controlled  -  a  method  of  guiding  an 
inflated  canopy  in  a  desired  direction  by 
spilling  the  air  from  one  side  of  the 
skirt  by  manipulation  of  the  suspension 
lines.  This  action  causes  an  increased 
average  rate  of  descent  until  the  lines 
are  released. 


slot  -  a  vent  within  a  gore  of  a  drag  producing 
surface.  The  size  of  the  slot  will  deter¬ 
mine  or  control  the  geometric  porosity  of 
certain  canopy  designs. 
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Snap,  Connector,  Quick 


snap,  connector,  quick  -  a  hook  shaped,  spring 
loaded  metal  fitting  tbit  snaps  over  a 
D-ring  to  connect  two  webbings. 


Snap,  Harness 


snap,  harness  -  a  hook  shaped,  spring  guarded 
metal  fastener  that  snaps  over  a  V-  or 
D-rlng  to  secure  two  parts  of  an  assem¬ 
bly. 


Snap,  Harness,  Friction 

snap,  harness,  friction  -  a  sliding  grip  friction 
buckle  with  a  metal  snap  attached  to  a 
parachute  harness  to  secure  two  parts 
of  the  harness  together,  and  also  to 
permit  quick  fit  adjustments  on  the  wear¬ 
er  or  load. 

snap,  static-line  -  a  metal  device  used  to 
connect  the  free  end  of  a  static  line  to 
a  cable  or  ring  in  an  aircraft. 

speed,  opening,  critical  -  the  speed  during 
deceleration  at  nrhich  a  canopy  in  the 
squid  form  assumes  normal  Inflation, 
but  above  which  it  will  not  fully  inflate. 

speed,  sinking.  See  rate  of  descent. 

spike,  recovery  -  a  pointed  beam  extension  on 
the  nose  of  the  load  that  absorbs  ground 
Impact  energy  by  penetrating  the  ground. 

squldding  -  a  state  of  incomplete  parachute 
canopy  Inflation  in  which  the  canopy  has 
a  pear-like  shape.  Squidding  occurs  if 
the  canopy  is  deployed  above  a  critical 
speed. 


Squid  Shape 


squid  shape.  See  illustration. 

stiffener,  pack  -  rectangular  strips  of  metal 
or  fiber  placed  in  the  pack  flaps  to 
stiffen  the  flaps.  These  strips  are  also 
used  for  shaping  the  sides  and  bottom 
of  packs. 


Stitch,  Lock 

stitch,  lock  -  a  nonravollng  ntltch  used  to  form 
a  seam. 

stitching,  bunched  -  a  defective  seam  resulting 
from  a  higher  concentration  of  stitches 
per  inch  than  is  required. 

stitch,  box  -  a  rectangular  or  square  stitch 
pattern,  generally  used  to  enclose  a 
single -x  or  triple -x  stitch  formation. 

stitch,  chain  *  ornamental,  basting,  or  seam 
stitch  in  which  thread,  or  threads,  is  not 
interlocked  but  is  held  by  a  loop  of  needle 
thread  or  a  loop  of  bobbin  thread.  There 
may  be  single-,  double-,  or  triple-thread 
chain  stitching. 

stitch,  double  throw  -  zigzag  stitching  in  which 
the  needle  makes  a  center  stitch  between 
each  left  and  right  stitch. 

stitch,  four-needle  -  a  method  of  stitching  that 
can  be  performed  in  one  operation  by  a 
four-needle  sewing  machine.  It  is  used 
in  sewing  the  top  hem,  the  circum¬ 
ferential  hem,  and  the  radial  seams  of  a 
drag  producing  surface. 


stitch,  single  throw  -  zigzag  stitching  in  which 
the  needles  travel  completely  from  one 
side  to  the  other  between  stitches. 


stitching,  zigzag  -  stitching  done  by  a  sewing 
machine  that  makes  stitches  alternately 
on  two  or  more  parallel  lines.  It  is  used 
to  reinforce  and  anchor  the  suspension 
lines  to  the  drag  producing  surface. 

stow  -  any  one  loop  of  static  lino  or  suspension 
line  compactly  secured  to  the  parachute 
pack. 

streamer  -  a  malfunction  In  which  a  parachute 
~  canopy  stretches  full  length  during  de¬ 
scent  without  reaching  squid  Bhape. 

strength,  tear  -  the  average  force,  measured 
in  pounds,  required  for  a  continuous 
tear  across  either  the  filling  or  the  warp 
of  a  fabric. 

strength,  tensile  -  the  tension,  measured  in 
pounds,  required  to  break,  a  material. 
The  tensile  strength  of  a  fabric  is  Btated 
in  pounds  per  inch  width  for  warp  and 
for  filling,.  The  tensile  strength  of  web¬ 
bings  and  tapes  is  stated  for  the  full 
width,  Buch  as  250-lb.  tape. 

surface,  drag-producing  -  that  portion  at  a 
parachute  canopy  consisting  of  the  cloth 
area  designed  to  produce  the  desired 
drag. 

swage  -  to  join  metal  parts  by  pressure,  such 
as  In  attaching  ripcord  locking  pins  to 
ripcord  cable. 

tacking  -  a  slight  sewing,  usually  by  hand,  with 
long  stitches  as  in  basting,  but  usually 
concentrated  in  a  certain  area  or  around 
a  certain  part. 

tape,  reinforcement  -  tape  or  webbing  sewed 
to  the  pack  or  canopy  to  strengthen  the 
fabric  at  a  weak  spot  or  point  of  stress. 

test,  drop  -  a  test  to  determine  the  working 
efficiency  of  a  parachute  and  its  systems 
by  releasing  it  from  an  aircraft  or  from 
some  height  above  the  ground  under  con¬ 
ditions  very  similar  to  those  found,  or 
anticipated,  in  normal  operation. 

tie-down  -  a  chain  and  binder  assembly  used 
to  lash  cargo  to  tie-down  rings  in  air¬ 
craft  or  to  heavy  drop  platforms. 

time,  filling  -  the  time  elapsed  between  the 
full  extension  of  the  canopy  and  the 
opening  of  the  canopy  to  its  fullest  ex¬ 
tent. 
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time,  opening  -  the  elapsed  time  between  the 
opening  d  a  parachute  pack  and  the 
opening  of  tho  canopy  to  its  fullest  ex¬ 
tent. 


thread,  break  -  a  stitching  intended  to  break 
easily  under  a  relatively  email  stress. 
In  certain  types  of  packs,  for  example, 
a  break  thread  is  used  to  fasten  the 
lift  webs  inside  the  pack.  This  thread 
breaks  during  the  deployment  or  opening 
of  the  canopy. 

tower,  drying  -  a  facility  where  parachutes 
are  suspended  for  drying  and  airing. 


triple -x  -  a  atUch  pattern  resembling  three 
adjoining  X's.  It  is  often  used  with,  a 
boxstitch. 


tuck  -  a  shortening  of  m.  '•’ria1  caused  by 
pulling  fabric  up  in  folds  and  stitching 
across  the  gathered  fabric. 

twist,  suspension  lines  *  the  twisting  of  each 
group  of  suspension  lines  separately, 
usually  caused  by  rotation  of  the  pack 
or  harness  between  the  two  groups. 

underfold  -  a  fold  in  which  insufficient  ma¬ 
terial  has  been  folded  Inside  the  seam, 
usually  resulting  In  exposed  raw  edges. 

velocity,  equilibrium  •  the  velocity  that  a 
falling  body  can  attain  when  the  drag  is 
equal  to  the  weight,  l.e.,  the  acceleration 
equals  zero. 

vent  -  any  opening  in  the  cloth  surface  of  the- 
canopy  for  the  purpose  of  air  venting. 
Specifically,  the  opening  at  the  top,  or 
center,  of  the  drag  producing  surface. 


vent,  puckered  -  a  cloth  sleeve  or  collar  at¬ 
tached  to  and  encircling  the  vent,  pucker¬ 
ed  by  the  use  of  an  elastic  member  that 
is  tightly  drawn  at  the  apex  of  the  vent. 


V-rlng  -  a  metal  fitting  In  the  form  of  a 
closed  letter  V  that  Is  used  with  snaps 
to  secure  or  attach  a  load  to  a  canopy. 


v-tap  -  a  short  length  of  tape  or  webbing 
wrapped  tightly  around  a  suspension  line 
and  stitched  to  the  skirt  hem. 

warp  -  the  threads  that  run  parallel  to  the 
selvage  edge  of  cloth;  those  threads  that 
ara  crossed  by  the  filling  threads,  alBO 
called  weft.  (For  sketch,  see  threads, 
filling.) 

wax,  paraffin  -  wax  generally  used  with  50% 
beeswax  as  a  hot  dip  to  prevent  the 
fraying  of  cut  ends  of  webbing,  cord, 
and  tape. 

web,  lift.  See  riser. 

webbing.  See  harness. 
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CHAPTER  I 
SECTION  2 
STANDARD  SYMBOLS 


2.1  PRIMARY  CONCEPTS. 


CLTD 


A  dimensionless  factor  used  In  the  approximation  of  velocity  decrease  during  filling 
time 

Vertical  ribbon  width  (In.) 

Aspect  ratio 

Acceleration  (ft.  per  sec®) 

Speed  of  sound  In  air  (knots) 

Distance  between  vertical  ribbons  (in.) 

Horizontal  ribbon  width  (in.) 

Distance  between  horizontal  ribbons  (in.) 

Coefficient  (general) 

Factor  related  to  suspension  line  convergence  angle 
Drag  coefficient  (general) 

Drag  coefficient  of  aircraft 

Drag  coefficient  of  suspended  load 

Drag  coefficient  of  parachute  canopy  based  on  total  cloth  area,  S0,  and  vertical 
descent  velocity 

Drag  coefficient  of  parachute  canopy  based  on  total  cloth  area  and  resultant  velocity 

Drag  coefficient  of  parachute  canopy  based  bn  inflated  (projected)  canopy  area 

Lift  coefficient  of  aircraft  at  touchdown 

Moment  coefficient  (general) 

Effective  Porosity 

Dr/Dc  =  ratio  Of  reefing  diameter  to  flat  (constructed)  canopy  diameter 
Tangential  force  coefficient  (general) 

Drag  (general)  (lb.) 

Diameter,  constructed  (ft.) 

Constructed  diameter  of  the  reefed  parachute  canopy  measured  at  the  Inside  of  the 

Bklrt  ttt>  ./417 

Nominal  canopy. diameter  (ft.) 

Projected  or  inflated  canopy  diameter  (maximum  inflated  diameter)  (ft.) 

Instantaneous  projected  canopy  diameter  (ft.) 

Projected  diameter  of  the  reefed  canopy  (ft.) 

Diameter  of  a  circle  formed  by  the  points  of  suspension  line  connection  to  the 
skirt  oi!  a  reefed  parachute  canopy  (ft.) 

Diameter  of  a  circle  formed  by  the  points  of  suspension  line  connection  to  the 
skirt  oi!  a  fully  inflated  parachute  canopy  (ft.) 

Distance  (general)  (ft.) 

Vent  diameter  (ft.) 

Energy  (ft. -lb.) 

Factor  related  to  strength  loss  by  abrasion 
Base  width  of  gore  (in.) 

Gore  width  at  vent  (in.) 

Force  (general)  (lb.) 

Constant  force  on  fully  inflated  canopy  (lb.) 
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Drag  force  of  canopy  a a  transmitted  to  suspended  load  (lb.) 

Normal  force  (general)  (lb.) 

Peak  opening  shock  force  (lb.) 

Peak  snatch  force  (lb.) 

Tangential  force  (lb.) 

Crosswind  force  (lb.) 

Cyclic  frequency  (cps) 

Acceleration  due  to  gravity  (ft.  per  sec2)  (32.2  at  sea  level) 

Height  or  altitude  (ft.) 

Actual  constructed  height  of  gore  (in.) 

Height  of  gore  (in.) 

Specific  impulse  (lb.  per  sec  per  unit) 

Safety  Factor 

Mass  moment  of  inertia  (slugs  per  ft.2)  ' 

A  dimensionless  factor  used  in  the  determination  of  opening  shock 
Factor  related  to  strength  loss  by  fatigue 

Drag  loading  of  the  suspended  load  (ft.-1) 

Drag  loading  of  the  uninflated  parachute  canopy  (ft.-1) 

Lift  (general)  (lb.) 

Length  of  pocket  band  (in.) 

Length  of  intercept  on  the  skirt  (pocketband)  (in.) 

Length  or  distance  (general)  (ft.) 

Constant  for  pocketbands  (lb  =  0.14) 

Length  of  suspension  line  from  canopy  skirt  (ft.)  to  suspension  line  confluence  point 
Moment  (general) 

Mass  (slugs) 

Revolutions  per  minute  (rpm) 

Mach  Number  n  ~- 

Dimensionless  factor  used  in  the  determination  of  canopy  filling  time 
Load  factor 
Number  of  gores 

Factor  related  to  strength  loss  in  material  from  water  and  water  vapor  absorption 
Momentary  tension  force  in  the  suspension  lines  (lb.) 

Fore  a  (lb.) 

MiiMjium  force  (lb.) 

.’rodsure  (general)  (lb.  per  ft,2) 

Dynamic  pressure  assuming  incompressible  fluid  (lb.  per  ft.2) 

Impact  pressure  corresponding  to  the  velocity  at  peak  opening  shock  force  (lb.  per 
ft.2) 

Impact  pressure  corresponding  to  the  velocity  at  peak  snatch  force  (lb.  per  ft.2) 
Reynolds  number  * 

Radius  (general)  (ft.) 

Radius  of  circular  arc  between  two  main  seams  of  a  drag  producing  surface  (ft.) 
Vent  radius  (in.) 

Area  (general)  (ft.2) 

Wing  area  of  aircraft  (ft.  ) 

Cross-sectional  area  of  suspended  load  (ft.2)  corresponding  to  cdb 
Total  area  of  openings  in  a  parachute  canopy  (ft.2) 

Total  cloth  area  of  a  canopy  ,  or  design  surface  area  including  slots  and  vent  (vent 
not  included  if  larger  than  0.01  Sq)  (ft.2) 

Projected  area  of  inflated  canopy  (ft.2) 

Total  area  covered  by  radial  ribbons  (ft.2) 

Total  area  of  horizontal  ribbons  at  the  vent,  not  covered  by  radial  ribbons  (ft.2) 
Total  slot  area  of  Ringslot  Parachute  Canopy  (ft.2) 

True  distance  along  curve  (ft.) 

Area  of  vent  (ft,2) 

Temperature  (°F.) 
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Th  Circumferential  tension  on  canopy  fabric  (lb.) 

Tr  Radial  tension  on  canopy  fabric  (lb.) 

t  Time,  general  (sec) 

td  Deployment  time  from  release  to  completion  of  canopy  lino  stretch  (sec) 

tf  Time  Interval  from  occurrence  of  peak  snatch  force  to  the  instant  when  parachute 

canopy  is  inflated  to  maximum  projected  diameter  (filling  time)  (sec) 
ts  Time  Interval  from  occurrence  of  peak  snatch  force  to  occurrence  of  peak  opening 

shock  (sec) 

tri  Reefing  time  (sec) 

•2,3 

u  Factor  involving  the  strength  loss  at  the  connection  of  suspension  line  and  drag 

producing  surface  or  riser  respectively 
V  Volume  (general)  (cu.  In.) 

Vq  Volume  of  the  parachute  canopy  (cu.  in.) 

Resultant  velocity  (ft.  per  sec) 

V^  Velocity  at  Instant  parachute  cunopy  is  deployed  (ft.  per  sec) 

ve  Equilibrium  velocity  at  altitude  (ft.  per  sec) 

v6q  Equilibrium  velocity  at  sea  level  density  (ft.  per  sec) 

vi  Velocity  after  time  t  (instantaneous)  (ft.  per  sec) 

v0  Launching  speed  (ft.  per  sec) 

vB  Velocity  at  instant  of  full  line  stretch  (ft.  per  sec) 

W  Weight,  general  (lb.) 

W £  Gross  weight  of  aircraft  at  touchdown  (lb.) 

Wb  Weight  of  suspended  load  (lb.) 

Wc  Weight  of  canopy  cloth  area  (including  weight  of  suspension  lines  across  the  cloth 

area,  but  not  Including  weight  of  free  length  of  suspension  lines)  (lb.) 

Wj  Weight  of  suspension  lines  (lb.) 

Wp  Weight  of  parachute  canopy  (lb.) 

Wj  Total  weight  (lb.) 

w  Unit  weight  (general)  (lb.  per  unit  length) 

wc  Unit  weight  of  fabric  (oz.  per  yd.2) 

wi  Unit  weight  of  suspension  lines  (oz.  per  10  yd.) 

wu  Unit  loading  (lb.  per  ft.  2) 

X  Opening  shock  factor  which  denotes  a  relationship  between  peak  opening  shock 

force  F0l  and  constant  force,  Fc,  at  equivalent  velocity 
x  Coordinate  along  X-axis 

y  Coordinate  along  Y-axis 

z  Coordinate  along  Z-axis 

z  Number  of  horizontal  ribbons 

sr  Number  of  Individual  riser  webbings 

Z  Number  of  suspension  lines 

a  Angle  of  attach  (degrees) 

/3  Gore  vertex  angle  (degrees) 

y  Specific  weight  of  dry  air  (lb.  per  ft.3) 

ys  Suspension  line  confluence  angle  (degrees) 

A  Small  increment  (not  used  alone) 

f  Elongation 

ij  Efficiency 

v w  Drag  efficiency  (based  on  canopy  weight)  (lb.  per  ft.2) 

W  Drag  efficiency  (based  on  canopy  volume)  (cu.  in.  pnr  ft.2) 

A  a  Porosity  correction  (percent) 

A  act.  Actual  geometric  canopy  porosity  (percent) 

\g  Geometric  canopy  porosity  (percent) 

\gjj  Ribbon  grid  porosity  (percent) 

\n  Mechanical  (cloth  or  webbing)  porosity  (percent) 

x  t  Total  canopy  porosity  (percent) 

v  Kinematic  viscosity  (ft.2  sec) 

va  Absolute  viscosity  (lb.  per  sec  per  ft.2) 
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rrQ  Polygon  shape  factor 

S  Density  of  air  at  a  given  altitude  (slugs  per  ru.  ft.) 

S0  Density  of  air  at  sea  level  (0.00238)  (slugs  per  cu.  ft.) 

<y  Density  Ratio  = 

0  Angle  of  oscillation,  angle  of  displacement  (degrees) 

p  Angle  between  opposite  suspension  lines  (degrees) 

Angular  velocity  (radius  per  sec) 

2.2  SECONDARY  CONCEPTS  (TO  BE  USED  AS  SUBSCRIPTS  AND  SECONDARY  SUBSCRIPTS). 
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Added;  additional;  absolute 
Average 

Canopy;  critical;  constant 
Center  of  pressure 
Center  of  gravity 
Deployment 
Drag 

Equilibrium;  exit 

Pertaining  to  filling  process;  fill  of  cloth;  fabric;  skin  friction 
Geometric 

Horizontal  or  hoop  direction 
Pertaining  to  Inlet 
Instantaneous 

Referring  to  reefed  condition 

Lift;  load 

Material 

Moment 

Normal 

Total  cloth  area;  opening;  reference  condition 

Projected 

Reinforcing  band 

Resultant;  radial 

Skirt;  referring  to  snatch  force;  suspension  lines 

Squidding 

Sea  level 

Tangential 

Total 

Theoretical 
Vertical;  vent 
Wind 

X -direction  component 
Y -direction  component 
2 -direction  component 
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CHAPTER  II 
SECTION  I 

TYPES  OF  PARACHUTE  CANOPIES 


1.1  GENERAL. 

1.1.1  The  parachute  constitutes  those  com¬ 
ponents  which,  functioning  together,  provide  a 
means  for  controlled  descent,  deceleration,  or 
stabilization  of  a  mass.  The  system  must  pro¬ 
vide  for  deployment  of  the  parachute,  support 
for  the  loads,  required  drag  characteristics, 
and,  in  some  cases,  automatic  detachment  of 
canopy  and  load. 

1.1.2  Generally,  the  first  considerations  for 
design  of  the  parachute  system  are  those  of  the 
required  drag  characteristics,  The  drag  char¬ 
acteristics  are  almost  wholly  controlled  by 
canopy  configuration. 

1.1.3  A  secondary  consideration,  but  not  nec¬ 
essarily  of  secondary  importance,  is  the  de¬ 
sign  of  the  deployment  system,  shock  reduc¬ 
tion  systems,  and  hardware. 

1.1.4  Many  varied  geometrical  canopy  shapes 
have  been  investigated  in  the  course  of  the 
Parachute  Development  and  Research  Pro¬ 
gram.  Since  almost  all  of  the  conceivable 
shapes  might  be  applied  for  the  design  of 
parachute  canopies,  it  becomes  virtually  im¬ 
possible  to  conduct  a  complete  study  of  each 
possible  variation.  The  designs  and  shapes 
discussed  in  the  following  paragraphs  represent 
those  that  have  undergone  sufficient  investi¬ 
gation  to  establish  some  definite  character¬ 
istics  in  behavior  and  are  most  commonly  used 
in  general  parachute  applications. 


1.1.6  In  all  coses  except  the  ribbed  and  rib- 
less  type  guide  surface  parachute  canopies, 
canopy  diameter  as  referred  to  hereafter  is  the 
"nominal  diameter  D0."  For  ribbed  and  rib¬ 
less  type  guide  surface  parachute  canopies, 
the  "constructed  diameter  D"  is  commonly 
used,  which  Is  equivalent,  in  these  cases,  to 
the  ^Inflated  diameter  Dp." 

1.1.6  Drag  coefficients  as  presented  hereafter 
are  based  upon  the  area  S0  in  all  cases  ex¬ 
cept  for  ribbed  and  ribless  type  guide  surface 
parachute  canopies.  The  symbol  for  this  drag 
coefficient  is  cdq.  For  ribbed  and  ribless 

type  guide  surface  parachute  canopies,  the  drag 
coefficient  is  based  upon  the  area  S.  For  theee 
parachute  canopy  types,  the  symbol  for  the 
drag  coefficient  is  cq. 

1.1.7  Data  presented  on  the  following  graphs  are 
intended  i'or  comparative  purposes  of  different 
canopy  designs  only.  The  cDq,  F/qS0,  and 

average  angle  of  oscillation  values  presented 
are  peculiar  only  to  the  canopy  design  and  size 
stated.  At  present,  no  accurate  relationship 
between  model  and  full-ulze  parachute  can¬ 
opies  can  be  established.  For  additional  values 
of  performance  and  design  characteristics  of 
larger  size  canopies,  refer  to  Chapter  IH, 
Parachute  Applications,  emd  Chapter  V,  Para¬ 
chute  Design  Details.  All  values  listed  in  the 
following  paragraphs  refer  to  subsonic  appli¬ 
cations  and  sea-level  density. 
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1.2  SOLID  TEXTILE  PARACHUTE  CANOMES. 

ip' 

1.2.1  FLAT  CIRCULAR  CANOPY.  |i 

1.2. 1-1  Canopy  Design.  This  canopy  is  con-lk 
structed  as  a  flat  circular  plate  with  a  center^ 
orifice  (vent),  and  consists  of  a  number  off^ 
gores  stitched  together  laterally,  the  joints® 
forming  the  main  radU  seams.  pfc 

1.2. 1.2  Drag  Coefficient  of  the  Canopy.  The| 
drag  coefficient  «do  of  this  type  canopy  ranges| 

from  0.65  to  C.90,  depending  upon  size  and  ratef 
of  descent.  For  preliminary  calculations,  ar 
averse  CD  of  0.75  is  generally  used.  | 

1.2. 1.3  Stability  of  the  Cancny.  For  small  can-|. 
opies  (below  32-foot  diameter),  oscillations  a®i 


Canopy  Type  and  Diameter 
C-9-28  ft. 

G-12-64  ft. 

G-llA  — 100  ft. 

(with  2  sec.  reefing) 


Suspendef 

20°  r  f. 
2200  I 


TYRE  G-IIA  CANOPYOOO  FT.  DIA. 
•  2  SEC.  REEFING) 

SUSPENSES  LOiw'fiiW 


•  •  type  C-9  CANOPT  ,28  FT.  OlA.l 

TYPE  G-MA  CANOPY  (100  FT.  DIM.,  SUSPENDED  LOAD-200  LB; _ . 

5000  2  SEC.  REEFING  )  - -  y T - - 

SUSPENDED  LOAD -3500  LB.  /  _ _ 


AIRCRAFT  (RELEASE)  SPEED  V  (KNOTS) 
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1.2  SOLID  TEXTILE  PARACHUTE  CANOPIES. 
1.2.1  ELAT  CIRCULAR  CANOPV. 


1 '2.1.1  Canopy  Design.  This  canopy  is  con¬ 
structed  as  a  flat  circular  plate  with  a  center 
orifice  (vent),  and  consists  of  a  number  of 
gores  stitched  together  laterally,  the  joints 
forming  the  main  radial  seams. 
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from  0.55  to  0.90,  depending  upon  size  and  rate 
of  descent.  For  preliminary  calculations,  ar. 
average  cdo  of  0.75  is  generally  used. 


1.2. 1.3  Stability  of  the  Canopy.  For  small  can¬ 
opies  (below  32-foot  diameter),  oscillations  of 


approximately  ±30  degrees  are  common.  On 
larger  canopies,  the  average  angle  of  oscilla¬ 
tion  generally  decreases. 

1.2. 1.4  Opening  Shock.  For  infinite  mass  con¬ 
ditions,  the  opening  shock  factor  approaches  2.0. 

1.2. 1.5  Application.  Flat  circular  type  can- 

n]i!<><<  n±n  |<i  WAHn  iiur>  fnv  r " VervlUlf'l  HivH 

«eiiii<<>iii<Mi^1 

1.2. 1.0  Opening  Reliability  and  Speed  Limita¬ 
tions.  This  canopy  type  is  very  reliable.  Speed 
limitations  for  this  type  canopy  are  generally 
low  because  of  its  rapid  opening  and  excessive 
opening  shoek.  Deployment  speed  limitations 
(safe)  for  several  specific  canopy  and  load  con¬ 
figurations  are  as  follows: 


Canopy  Type  and  Diameter 

Suspended  Load 

Canopy  Material 
Lines  (Nylon) 

Aircraft  Release 
Velocity 

C-9-28  ft. 

200  lb. 

1.1  oz. -500  lb. 

275  knots 

G-12-64  ft. 

2200  lb. 

2.25  oz.  -  1000  lb. 

175  knots 

G-llA  — 100  ft. 

3500  lb. 

1.6  oz.  —  550  lb. 

205  knots 

(with  2  sec.  reefing) 

4500  lb. 

1.6  oz.  —  550  lb. 

195  knots 

1.2. 1.7  Remarks.  This  canopy  type  is  relative¬ 
ly  easy  to  manufacture.  Its  oscillation  and  rel¬ 
atively  low  speed  characteristics  make  it  un¬ 
suitable  for  certain  types  of  application. 
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?-'X  TENDED  3KIHT  PARACHUTE 
CANOPY. 

1.3.2. 1  Cr  liopy  Uciilyii  (1‘  lui  Extended  Skill 

Canopy)-  This  design  is  characterized  by  a 
flat  circular  center,  to  which  is  added  a  flat 
annular  ring  having  an  outer  diameter  equal  to 
the  diameter  of  the  central  portion  and  a  width 
designated  as  a  percent  of  this  diameter  ao 
shown  in  (1).  The  shape  of  the  gore  is  shown  in 
(2).  The  nomenclature  for  this  type  of  canopy 
includes  the  size  (nominal  diameter  D0)  and 
the  percent  of  the  extension,  in  addition  to  the 
full  name.  For  example:  52-foot  nominal  di¬ 
ameter  10  percent  flat  extended  skirt  parachute 
canopy. 

1.2.2. 2  Canopy  Design  (Full  Extended  Skirt 
Canopy)-  This  design  is  characterized  by  a  flat 
circular  center,  to  which  is  added  an  annular 
ring  in  the  form  of  an  inverted  truncated  cone 
having  a  top  diameter  equal  to  the  diameter  of 
the  flat  circular  center  portion,  as  shown  in  (3). 
The  cone  angle  is  such  that  the  cone  formed  by 
the  suspension  lines  is  a  continuation  of  the  in¬ 
verted  truncated  cone  extension.  The  shape  of 
the  gore  is  shown  in  (4).  In  this  design,  angle 
p  is  not  equal  to  angle  a ,  and  must  be  deter¬ 
mined  in  order  to  meet  the  requirement  that  the 
cone  of  the  suspension  lines  be  a  continuation  of 
the  cone  of  the  extension.  The  nomenclature 
for  this  type  canopy  include  ‘he  size  (nominal 
diameter  Dq)  and  the  percent  -  the  extension  in 
addition  to  the  full  name.  For  example:  67.3- 
foot  nominal  diameter  14.3  pet  cent  full  extended 
skirt  parachute  canopy. 

1.2.2. 3  Drag  Coefficient  of  the  Canopy  (Flat 
Extended  Skirt).  The  drag  coefficient  cdq 

averages  0.70;  however,  it  will  vary  with  rate 
of  descent,  size,  and  length  of  extension.  For 
preliminary  calculations,  a  cd0  of  °-70  is 
generally  used. 


Canopy  Type 
and  Diameter 

Suspended  Load 

MC-1  -  35  it.  10%  extended 

200  lb. 

(nominal) 

MC-1  -  66  it.  14.3%  extended 

1800  ib. 

(nominal) 

j 

1 

i 

| 

1.2. 2. 4  Drag  Coelficieni  of  the  Canopy  {fnli 

Skirt).  The  d  rag  coefficient  <’n,, 

ranges  between  0.70  and  0.8b,  depending  on  rale 
of  descent  and  size.  For  preliminary  calcula¬ 
tions,  a  Cd0  erf  0.70  is  generally  used. 

1.2.2. 5  Stability  of  the  Canopy  (Flat  Extended 
Skirt).  Oscillation  of  the  flat  extended  skirt 
canopy  generally  ranges  between  ±10  and  ±20 
degrees,  depending  on  design,  size,  and  rate  of 
descent. 

1.2.2. 6  Stability  at  the  Canopy  (Full  Extended 
Skirt).  Average  oscillation  angles  for  the  full 
extended  skirt  canopy  are  slightly  less  than 
those  for  the  flat  extended  skirt  canopy,  depend¬ 
ing  on  the  design. 

1.2. 2. 7  Opening  Shock.  For  infinite  mass  con¬ 
ditions,  the  opening  shock  factor  is  approp¬ 
riately  1.8. 

1.2.2.8  Application.  At  present,  the  full  ex¬ 
tended  skirt  parachute  canopy  is  rsed  only  for 
cargo  applications  and  for  final  stage  recovery 
applications  of  guided  missiles  and  drones. 
The  flat  extended  skirt  parachute  canopy  is  be¬ 
ing  used  for  both  personnel  and  cargo  applica¬ 
tions. 

1.2.2. 9  Opening  Reliability  and  Speed  Limita¬ 
tions.  These  parachute  canopy  types  are  con¬ 
sidered  to  be  sufficiently  reliable  for  all  cargo 
applications.  The  flat  extended  skirt  type  can¬ 
opy  with  pocket  bands  is  considered  to  be  as 
reliable  as  the  flat  circular  canopy  and  is  used 
for  personnel  parachute  applications-  Because 
of  reduced  opening  shock  forces,  these  types  of 
canopies  may  be  used  at  somewhat  higher  de¬ 
ployment  velocities  than  those  of  the  flat  circu¬ 
lar  type.  Deployment  speed  limitations  (safe) 
for  several  specific  canopy  and  load  configura¬ 
tions  are  as  follows: 


Canopy  Material 

Lines 

Aircraft  Release 
’’elocity 

1.1  oz.  nylon 

375  lb. 

300  knots 

|  2.25  oz.  nylon 

\ 

550  lb. 

275  knots 

1 

| 

i  i.ii  oz.  nylon 

550  lb. 

275  knots 

;  i.i  oz.  nylon 

550  lb. 

275  knots 

i. 2.2, 10  Remarks.  Because  of  the  lower  drag 
coefficient  these  parachute  canopies  are  slight - 
fy  more  bulky  than  the  flat  circular  type  for 
identical  rates  of  descent.  In  a  similar  respect, 
viifiiuiactnring  costs  are  slightly  higher  than 
those  for  the  Tat  circular  type. 
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1.2.3  ribbed  guide  surface  c/ 

1.2. 3.1  Canopy  Design.  This  cano 
cate  in  shape.  It  i£  constructed  of  i 
pide  surface  panels,  and  internal 
together  to  form  the  main  seams. 

1.2.3.2  Drag  Coefficient  of  the  Ca* 
drag  coefficient  cj)  ranges  upward! 
For  preliminary  calculations,  a  covi 
is  generally  used. 

!•’-  -3.3  Stability  of  the  Canopy.  This) 
canopy  is  extremely  stable.  Oscillat 
air  averages  below  ±2  degrees. 


Canopy  Diameter 

Suspended  Load 

6.5  ft. 

4000  lb. 

6.5  ft. 

4000  lb. 
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1.2.3  RIBBED  GUIDE  SURFACE  CANOPY. 

1.2. 3.1  Canopy  Design.  This  canopy  is  intri¬ 
cate  in  shape,  it  is  constructed  of  roof  panels, 
guide  surface  panels,  and  internal  ribs  joined 
together  to  form  the  main  seams. 

1.2. 3. 2  Drag  Coefficient  of  the  Canopy.  The 
drag  coefficient  cd  ranges  upward  from  0.8. 
For  preliminary  calculations,  a  cd  value  of  0.95 
is  generally  used. 

1.2. 3. 3  Stability  of  the  Canopy.  This  parachute 
canopy  is  extremely  stable.  Oscillation  in  free 


1.2. 3.4  Opening  Shock.  For  infinite  mass  con¬ 
ditions,  the  opening  shock  factor  is  approxi¬ 
mately  1.1. 

1. 2.3.5  Application.  This  canopy  type  may  be 
used  for  stabilization  and  deceleration  applica¬ 
tions  or  for  other  applications  where  extreme 
stability,  reliability,  and  precise  reproduction 
of  the  functional  sequence  are  required. 

1.2. 3.6  Opening  Reliability  and  Speed  Limita¬ 
tions.  This  canopy  is  reliable.  Safe  deploy¬ 
ment  speed  limitations  for  several  specific  can¬ 
opy  configurations  and  nearly  infinite  mass  con¬ 
ditions  are  as  follows: 


Canopy  Diameter 

- - 

Suspended  Load 

No.  of  Gores 

Canopy 

Material 

Lines 

Deployment 

Speed 

6.3  ft. 

4060  lb. 

12 

7  oz.  nylon 

3000  lb. 

350  knots 

6-5  ft. 

4000  lb. 

16 

14  oz.  nylon 

9000  lb. 

600  knots 

1.2. 3. 7  Remarks.  This  canopy  type  is  somewhat 
difficult  to  manufacture,  and  manufacturingcost 
is  relatively  high.  The  ribless  guide  surface 
canopy  type  will  generally  replace  the  ribbed 

tvpe. 
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1.2.4  RIBLESS  GUIDE  3URFACE  C 

•2.4.1  Canopy  Design.  This  canop 
ructed  of  bell-shaped  roof  pane 
rface  panels,  joined  together  to  t 
ms. 

?.  Drag  Coefficient  of  the  < 
coefficient  Cp  averages  bet* 
For  preliminary  calculation! 
'b  generally  used. 

lability  of  the  Canopy.  ; 
:  opy  is  extremely  stable 
uping  characteristics. 
■'  belo.v  ±2  degrees.  i  | 


t  Suspended  Lc 
4000  lb. 


4000  lb. 


1.2.4  RIBLESS  GUIDE  SURFACE  CANOPY. 

1.2.4. 1  Canopy  Design.  This  canopy  type  is  con¬ 
structed  of  bell-shaped  roof  panels  and  guide 
surface  panels,  joined  together  to  form  the  main 
seams. 

1.2.4. 2  Drag  Coefficient  of  the  Canopy.  The 
drag  coefficient  Cjj  averages  between  0.75  and 
0.85.  For  preliminary  calculations,  a  cj)  value 
of  0.80  is  generally  used. 

1.2.4. 3  Stability  erf  the  Canopy.  This  para¬ 
chute  canopy  is  extremely  stable  and  has  ex¬ 
cellent  damping  characteristics.  Oscillation 
in  free  air  is  below  ±2  degrees. 


1. 2.4.4  Opening  Shock.  For  infinite  mass  con¬ 
ditions,  the  opening  shock  factor  ranges  be¬ 
tween  1.1  and  1.4,  depending  on  specific  design 
characteristics. 

1.2.4. 5  Application.  This  parachute  canopy  may 
be  used  for  stabilization,  deceleration,  or  ex¬ 
traction  applications,  and  for  other  applications 
requiring  extreme  stability,  precise  functioning, 
and  high  reliability. 

1.2.4. 6  Opening  Reliability  and  Speed  Limita¬ 
tions.  This  parachute  canopy  is  reliable.  De¬ 
ployment  speed  limitations  for  specific  canopy 
configurations  and  nearly  infinite  mass  con¬ 
ditions  are  as  follows: 


Canopy  Diameter 

Suspended  Load 

No.  of  Gores 

Canopy 

Material 

Lines 

Deployment 

Speed 

6.5  ft. 

4000  ib. 

12 

7  oz.  nylon 

3000  lb. 

350  knots 

6.5  ft. 

4000  lb. 

16 

14  oz.  nylon 

9000  lb. 

750  knots 

1.2.4. 7  Remarks.  The  manufacturing  cost  of 
this  parachute  canopy  type  is  somewhat  less 
than  that  of  the  ribbed  type.  For  most  applica¬ 
tions  it  can  replace  the  ribbed  type. 
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1.2.5  PERSONNEL  GUIDE  SU 

M!nH*ifl!CT0Py  Desl«11*  The 

identical  in  construction  to 

SSlJS1?*  CanQPy'  Alterna 
extended  to  provide  the  mild 
guide  surfaces  somewhat  res, 
in  ribless  guide  surface  can  op 

1.2.5.2  Drag  Coefficient  of  t 
drag  coefficient  cDq  of  this  cs 

slightly  less  than  that  for  t 
flat  circular  type.  For  pre! 
tions,  a  Cjr)o  value  of  0.72  is  g 

1.2. 5.3  Stability  of  the  Canopy 
canopy  is  considered  stable. 


Canopy  Type 
and  Diameter 

C-10  -  30  ft 
(nominal) 


u.  3000 


5 

00  300  500 

WEIGHT  (POUNOS) 


\fil 


AIRCRAFT (RELEASE) SPEED  V (KNOTS) 


ot  iail-roof  panel 
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PERSONNEL  GUIDE  SURFACE  CANOPY.  free  air  are  below  *10  degrees. 


1. 2.5.1  Canopy  Design,  The  roof  panels  are 
identical  in  construction  to  those  of  the  flat 
circular  type  canopy.  Alternate  -oof  panels  are 
extended  to  provide  the  guide  surfaces.  The 
guide  surfaces  somewhat  resemble  those  found 
in  riblesR  guid*  surface  canopies. 


1. 2.5.4  Opening  Shock.  For  infinite  mass  con¬ 
ditions,  the  opening  shock  factor  approaches  1.2. 


1. 2.5.2  Drag  Coefficient  of  the  Canopy.  The 


drag  coefficient  cn  o£  this  canopy  type  is  only 


slightly  less  than  that  for  the  very  efficient 
flat  circular  type.  For  preliminary  calcula¬ 
tions,  a  cj)  value  of  0.72  is  generally  used. 


1.2. 5.5  Application.  The  primary  application 
is  for  personnel  emergency  use;  however,  some 
designs  of  this  canopy  type  have  been  used  for 
recovery  applications.  This  canopy  has  all  the 
advantages  of  the  flat  circular  type  canopy,  plus 
a  considerable  improvement  in  maximum  op¬ 
erational  speed,  stability,  and  opening  shock. 


1.2. 5. 3  Stability  of  the  Canopy.  This  parachute 
canopy  is  considered  stable.  Oscillations  in 


1.2. 5.6  Opening  Reliability  and  Speed  Limita¬ 
tions.  This  canopy  type  is  reliable,  and  can 
safely  be  used  up  to  375  knots  bailout  velocity 
at  sea  level  for  the  following  canopy  and  sus¬ 
pended  load  configuration: 


Canopy  Type 
and  Diameter 

Suspended  Load 

Canopy  Material 

Deployment  Speed 

C-10  -  30  ft. 
(nominal) 

200  lb. 

1.1  oa.  nylon 

375  knots 

1.2.5. 7  Remarks.  The  guide  surface  extensions 
add  only  slightly  to  the  manufacturing  cost.  The 
bulk,  weight,  and  rate  otf  descent  are  approxi¬ 
mately  the  same  as  for  a  comparable  flat  cir¬ 
cular  type  canopy. 
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1.2.6  ROTA  FOIL  CANOPY. 


1.2.8. 1  Canopy  Design.  This  parachute  was  de¬ 
veloped  by  Radioplane  Company,  Van  Nuys, 
California,  under  contract  with  the  United  States 
Government.  Construction  of  the  canopy  is 
similar  to  that  of  the  flat  circular  type.  Open¬ 
ings  in  each  gore  transform  each  roof  panel  in¬ 
to  a  sail  during  operation,  which  causes  rapid 
canopy  rotation.  A  swivel  has  tobeutiedto  per¬ 
mit  this  rotation  relative  to  the  suspended  load, 
while  transmitting  minimum  torque  to  the  load. 

1.2. 6.2  Drag  Coefficient  of  the  Canopy.  The 
drag  coefficient  cDq  varies  according  to  the 

design.  On  types  tested  it  has  ranged  from 
0.63  to  0.90.  For  preliminary  calculations,  a 
CD0  value  of  0.78  is  generally  used. 

1.2.6.3  Stability  of  the  Canopy.  At  present,  the 
stability  of  thiB  canopy  type  is  very  much  a 
function  of  the  design.  Models  range  from 
stable  to  unstable,  with  the  loss  of  certain  de¬ 
sirable  characteristics  in  the  stable  models. 

1.2.6.4  Opening  Shock.  For  infinite  mass  con¬ 
ditions,  the  opening  shock  factor  Is  approxi¬ 
mately  1.06. 

1. 2.6.5  Application.  This  parachute  canopy  may 
be  used  for  deceleration  applications. 

1.3.6. 6  Opening  Reliability  and  Speed  Limita¬ 
tions.  Most  designs  are  reliable.  Canopies 
(7-foot  diameter)  constructed  of  7-ounce  nylon 
and  3,000-pound  tensile  strength  suspension 
lines  have  been  deployed  safely  at  deployment 
speeds  of  330  knots  under  nearly  infinite  mass 
conditions. 

1.2. 6.7  Remarks.  This  canopy  type  may  offer 
possibilities  of  specialized  development  for 
specific  purposes.  The  parachute  canopy  itself 
Is  low  In  bulk  and  weight,  but  because  of  the 
required  swivel  (and  lead  loading  oi  the  canopy 
skirt  for  several  types),  this  parachute  becomes 
bulkier  arid  weighs  more  than  do  comparable 
ribbon,  ring  slot,  or  guide  surface  type  para¬ 
chutes. 
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1.2.7  SHAPED  CANOPY. 


FLAT  DEVELOPMENTS  FOR: 
o  SURFACE  OF  REVOLUTION 
b  FLUTED  SURFACE 
«.  PERIPHERAL  LOBE 


A-A 


1.2.7. 1  Canopy  Design.  This  canopy  design  is 
similar  to  that  of  the  solid  flat  type,  with  the 
exception  that  the  panels  are  shaped.  Because 
at  the  many  variations  of  shaped  canopy  de¬ 
signs,  it  is  impractical  to  cite  "specific  per¬ 
formance"  figures. 

1.2. 7.2  Drag  Coefficient  of  the  Canopy.  Many 
shaped  designs  have  been  tested;  some  have 
achieved  drag  coefficients  even  higher  than 
those  obtained  for  the  flat  circular  type. 

1.2. 7.3  Stability  at  the  Canopy.  Stability  varies 
with  design.  Some  at  the  types  tested  have 
shown  very  little  tendency  to  oscillate. 

1.2.7.4  Opening  Shock.  For  infinite  mass  con¬ 
ditions,  the  opening  shock  factor  is  slightly  less 
than  those  for  other  comparable  canopy  designs. 

1.2. 7. 5  Application.  These  parachute  canopy 
types  may  be  designed  for  applications  that  re¬ 
quire  reduced  opening  shock  and/or  greater 
stability  than  is  found  in  flat  circular  type 
canopies. 

1.2.7.5  Opening  Reliability.  Reliability  varies 
greatly  with  design.  Conical  canopy  designs 
have  beenfound  reliable  for  several  applications. 

1.2. 7. 7  Remarks.  Shaped  canopies  generally 
have  slightly  more  bulk  and  weight  than  others 
used  for  comparable  applications. 
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1.4  MISCELLANEOUS  CANOPIES 

1.4.1  GENERAL.  Many  model  and  full-size 
canopies  sf  shapes  other  than  those  discussed, 
or  variations  of  those  shapes,  have  been  built 
and  tested.  Some,  such  as  the  steerable  para¬ 
chutes,  compare  reasonably  with  the  type  upon 
which  the  modification  was  based.  On  others, 
however,  insufficient  data  are  available  to  draw 
any  firm  conclusions  about  their  performance. 

1.4.2  AIRFOIL  CANOPY.  This  canopy  is  de¬ 
signed  as  a  portion  of  a  sphere  cut  by  two 
parallel  planes  and,  as  projected,  takes  the 
form  of  a  circular  plate,  with  the  smaller  di- 
emeter  at  the  vent.  ItB  cdq  Is  approximately 

0.86.  The  maximum  deployment  speed  at  which 
little  or  no  damage  occurs  is  low  compared  to 
those  of  other  designs.  In  addition,  the  design 
of  the  suspension  line  system  is  very  critical 
and,  to  date,  can  be  determined  only  by  drop 
test.  This,  together  with  the  greater  care 
needed  in  packing,  makes  this  type  canopy  of 
interest  oily  for  very  special  applications. 
Its  bulk  and  weight  values  are  slightly  higher 
than  those  of  a  comparable  flat  circular  para¬ 
chute. 

1.4.3  FLAT  NONCIRCULAR  CANOPY.  Can¬ 
opies  of  this  general  design  are  constructed 
as  a  flat  plate.  They  may  be  square,  tri¬ 
angular,  or  of  any  other  shape.  Coefficient  os 


drag  is  sometimes  higher  than  that  of  a  flat 
circular  canopy,  but  packing  difficulties  are 
numerous.  The  opening  shock  is  generally  as 
high  »?  that  of  a  flat  circular  canopy.  Bulk 
and  weight  are  generally  the  same  as,  or 
slightly  less  than,  the  bulk  and  weight  of  com¬ 
parable  flat  circular  canopies.  Some  of  these 
designs  are  remarkably  stable.  Reliability  is 
equal  to,  or  less  than,  that  of  flat  circular 
canopies.  Manufacturing  costs  are  higher. 

1.4.4  WAKO  CANOPY.  As  originally  designed, 
this  canopy  1b  constructed  as  a  hemisphere 
composed  of  a  number  of  ribbons  starting  at  the 
skirt,  running  tangent  to  the  vent,  then  to  the 
opposite  skirt,  in  opposing  pairs.  This  arrange¬ 
ment  is  repeated  around  the  canopy  as  many 
times  as  required,  and  it  results  in  a  geodetic  - 
type  construction.  Its  bulk  and  weight  are  higher 
than  those  of  the  FIST  ribbon  type  canopy. 
Like  all  ribbon  canopies,  it  depends  upon  slow 
opening  for  its  low  opening  shock  character¬ 
istics,  and  upon  high  geometrical  porosity  for 
its  stability.  A  variation  of  this  canopy,  de¬ 
veloped  by  WADC,  is  similar  in  design,  but  1b 
constructed  as  a  flat  circle. 

1.4.5  STEERABLE  PARACHUTE  CANOPIES. 
Steerable  parachute  canopies  generally  have 
been  derived  by  modification  of  flat  circular 
type  canopies.  A  discussion  of  steerable  can¬ 
opies  may  be  found  in  Chapter  III,  Section  1, 
Personnel  Parachutes. 
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I  S  AVERAGE  PERFORMANCE  CHARACTER¬ 
ISTICS  OF  PARACHUTE  CANOPIES. 


Canopy  Type 

Constructed  Shape 

Diameter  Ratloa 

Drag  Coefftcient 

Opening 

Shock 

Stability 

Plan  View 

Profile 

View 

Dp/D 

Do/D 

Range 

Average 

(Prelim. 

Design) 

Factor 

(Infinite 

Mass) 

Remarks 

Aver,  Angle 
of  Oscill. 

SOLID  TEXTILE 

Flat  Circular 

r? 

fO 

k  o-» 

.70 

1.000 

Cdo 

0,68-0,00 

CD0 

0.78 

>9,0 

unstable 

*80° 

Extended  Skirt 

G 

k0-» 

^-%DJ 

-.78 

1.94 

CD0 

0.68-0.88 

CDo 

0,70 

-1,8 

unstable 

*20° 

Guide  Surface 
(Stabilisation) 

i 

$ 

& 

-1.0 

1,60  for 
10  gores 

CD 

0, 6-1.0 

CD 

0.98 

-1.1 

stable 

*1<> 

Guide  Surface 
(Ribless) 

-.98 

1.81  for 
10  gores 

cD 

0.78-0.88 

CD 

0.80 

1.1-1. 3 

stable 

*1° 

Guide  Surface 
(Personnel) 

Q 

•  0-e| 

-.78 

1.18 

C»o 

0.68-0.80 

C»o 

0.79 

-1.9 

■table 

*7° 

Rotafoll 

1 

®  o  » 

*-  D  •* 

.91 

.98 

C°0 

0.83-0.90 

CD0 

0.78 

~i«uu 

•stable 

i9° 

Shaped 

(Conical) 

I 

3 

3C f* 

-.70 

1.08 

Cdo 

0.68-0.08 

C°o 

0.80 

-LB 

unstable 

*20° 

FI3T 

3 

U  - 

.67 

1.000 

C°o 

0.48-0.55 

CDo 

0.80 

-1.08 

stable 

*3° 

Ring  Slot 

1 

0 

e-D-w 

.70 

1.000 

C°0 

0.48-0.68 

C°0 

0.85 

-1.08 

stable 

*7° 
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CHAPTER  II 
SECTION  2 

OPENING  AND  DEPLOYMENT  OF  PARACHUTES 


2.1  GENERAL. 

Opening  characteristics  of  a  parachute  may  be 
loosely  defined  to  Include  all  the  consecutive 
motions  of  a  parachute  system  operation,  from 
the  Instant  of  Initiation  of  deployment  until 
complete  Inflation.  Deployment  is  a  term  cov¬ 
ering  the  extension  of  the  canopy  and  suspen¬ 
sion  lines  from  the  stowed  position  to  the  be¬ 
ginning  of  inflation  of  the  canopy. 

2.2  OPENING  METHODS. 

2.2.1  STATIC  LINE.  Mast  small  cargo  para¬ 
chutes  and  troop  main  parachutes  are  opened 
by  a  static-line  assembly,  which  consists  of 
the  following  items: 

a.  Static-line  snap 

b.  Static  line 

c.  Break  cord. 

Operation  Is  as  follows:  The  static -line  snap 
is  firmly  attached  to  a  body  whose  differential 
velocity  and  mass  will  be  sufficient  to  break  a 
pack  open,  or  to  withdraw  ripcord  pins.  The 
static  line,  upon  full  extension,  begins  to  deploy 
the  parachute  canopy,  which  is  attached  to  the 
static  line  by  means  of  a  break  cord.  Strength 
of  the  break  cord  depends  upon  the  area  of  the 
main  canopy  to  be  deployed  before  separation 
of  the  canopy  and  aiatic  line  occurs.  It  is 
possible  to  withdraw  ripcord  pins  or  break 
packing  cords  by  static  line,  and  thus  free  a 
pilot  parachute  for  deployment  of  the  main 
canopy. 

2.2.2  RIPCORD.  Personnel  parachutes  usually 
are  opened  either  by  a  manually  operated  rip¬ 
cord  or  by  an  automatic  opening  device  pulling 
the  ripcord.  In  many  models,  this  ripcord, 
withdrawing  from  a  set  of  cones,  allows  pack 
opening  springs  or  elastics  to  withdraw  the 
covers  of  a  pack,  freeing  a  pilot  chute  that  is 
capable  of  deploying  the  main  canopy.  A  newer 
method  employs  locking  loops,  which  replace 
the  cones.  Elastics  are  not  used;  the  force  of 
a  coilspring-loaded  pilot  chute  is  sufficient  to 
snap  open  the  pack  and  eject  the  pilot  chute. 


Another  method  sometimes  employed  to  close 
and  open  a  parachute  pack  Is  the  use  of  a  zipper 
installed  along  the  full  length  of  the  side  flaps 
at  the  edges  where  they  meet  at  the  longi¬ 
tudinal  centerline  of  the  pack.  Packs  utilizing 
this  closing  method  are  called  "chain  closed" 
packs  and,  to  date,  are  still  in  the  experimental 
stage.  Opening  of  the  chain  closed  pack  is  ac¬ 
complished  by  paring  the  zipper  slider  com¬ 
pletely  free  of  the  zipper,  allowing  flat  springs 
installed  in  the  side  flaps  to  peel  back  these 
flaps,  and  disengage  the  zipper  teeth  in  the 
process. 

2.2.3  EJECTION.  Parachutes  are  often  ejected 
into  the  alrstream  by  powder  charges  or 
springB.  Deployment  can  then  be  accomplished 
by  a  pilot  chute. 

2.3  DEPLOYMENT  OF  PARACHUTES. 

2.3.1  SYSTEM  REQUISITES.  A  good  deploy¬ 
ment  system  must  have  certain  objectives. 

2. 3. 1.1  There  must  be  reliable  deployment 
through  the  design  operating  range. 

2.3. 1.2  Malfunctions  during  the  deployment  must 
be  prevented.  If  canopies  are  allowed  to  deploy 
as  a  result  of  their  own  drag,  it  is  possible 
for  the  canopy  to  become  inverted,  or  badly 
burned  by  friction.  Deployment  systems  should 
control  the  movement  of  the  deploying  canopy 
to  prevent  side  loads  on  the  skirt  area  of  the 
parachute  before  completion  of  suspension  line 
stretch  and  to  allow  orderly  deployment  of  the 
canopy  in  a  plane  relative  to  the  relative  air. 

2. 3.1. 3  Reduction  of  snatch  force  must  be  pro¬ 
vided  for.  Snatch  force  can  be  simply  defined 
as  the  force  required  to  accelerate  the  mass  of 
a  fully  deployed  but  incompletely  open  canopy 
from  its  final  velocity  at  the  completion  of  the 
line  stretch  to  the  velocity  ni  the  suspended 
load.  Snatch  force  depends  upon  differential 
velocity  between  load  and  uninflated  canopy  at 
the  completion  of  line  stretch,  and  also  upon  the 
effective  drag  area  of  the  pilot  chute  and  main 
canopy.  For  instance,  a  partially  open  canopy 
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with  a  drag  area  of  20  square  feet  will  impose 
a  considerably  higher  snatch  force  on  a  sus¬ 
pended  load  than  a  deployed  but  uninflated  can¬ 
opy  with  a  drag  area  oi  2  square  feet.  Can¬ 
opies  with  large  drag  areas  not  only  Impose  a 
pseudo-op9nlng  shock  snatch  force,  but  also 
Increase  the  dJferential  velocity  between  load 
and  canopy  during  the  deployment.  Good  high¬ 
speed  deployment  must,  therefore,  present  the 
smallest  system  drag  area  that  is  consistent 
with  orderly  deployment,  until  line  stretch  is 
complete.  Thereafter,  the  deployment  system 
must  provide  completely  reliable  release  of 
the  canopy  for  inflation. 

2.3.1.4  Low  bulk  and  weight  arc  desirable  and 
necessary. 

2.3.2  DEPLOYMENT  METHODS. 

2. 3.2.1  Simple  Pilot  Chute.  This  method  is 
used  with  most  ripcord-operated  assemblies. 
It  is  very  reliable  for  personnel  emergency 
parachutes.  It  consists  of  a  small  canopy  and 
suspension  line  system.  In  some  cases,  the 
pilot  chute  is  spring  loaded. for  positive  ejec¬ 
tion.  It  Is  attached  to  the  apex  of  the  main 
canopy.  Upon  inflation,  it  withdraws  the  main 
canopy  from  the  pack  and  guides  it  for  posi¬ 
tive  and  proper  inflation. 

2. 3.2. 2  Simple  Static  Line.  Static-line  opening 
and  static -line  deployment  usually  are  em¬ 
ployed  in  conjunction  with  each  other.  After  the 
pack  is  opened,  the  apex  of  the  canopy  is  held 
until  sufficient  drag  Is  exerted  on  the  deploying 
canopy  to  break  the  cord  attaching  the  apex  to 
the  static  line.  Unfortunately,  the  rate  of  de¬ 
ployment  of  the  parachute  often  exceeds  the 
speed  of  the  dropped  load.  This  permits  a  "sail" 
to  develop,  during  which  inversions  and  semi¬ 
inversions  can  readily  form.  The  extent  and 
duration  of  the  "sail"  is  governed  primarily  by 
the  strength  of  the  break  cord.  Strong  break 
cords  tend  to  stralghton  the  sail.  If  break  cords 
are  too  weak,  canopies  are  not  withdrawn  from 
the  pack  sufficiently  for  orderly  deployment, 
and  further  deployment  depends  only  upon  the 
drag  area  of  the  exposed  canopy.  Static -line 
deployment  of  an  exposed  and  uncontrolled 
canopy  is  not  reliable  or  desirable  at  high 
speeds  or  with  large  canopies. 

2.3.2. 3  Pilot  Chute  and  Sleeve  or  Bag.  This 
method  entails  the  use  of  a  long  cloth  sleeve, 
or  cone,  of  a  length  equal  to  the  constructed 
radius  of  a  parachute  canopy,  and  of  a  very 
small  base.  The  sleeve  is  constructed  with  a 
locking  flap  at  the  base,  through  which  there 


are  projected  two  retaining  loops  from  the  side 
of  the  cone.  Into  these  two  loops  the  suspension 
lines  of  the  canopy  are  placed.  The  remaining 
folds  at  suspension  lines  are  placed  in  re¬ 
taining  loops  that  are  sewed  to  the  outside  of 
the  locking  flap.  Thus,  the  canopy  cannot  leave 
the  sleeve  until  the  last  loop  has  been  removed 
from  the  sleeve  at  the  completion  of  the  line- 
stretch.  This  method  has  a  number  of  ad¬ 
vantages.  Snatch  forces  are  reduced,  since  no 
inflation  of  the  canopy  takes  place  until  after 
deployment.  Malfunctions  are  reduced  con¬ 
siderably,  because  at  the  correct  placement 
of  the  canopy  in  relation  to  the  suspended  load 
before  opening.  Damage  to  the  canopy  from 
friction  or  from  protrusions  is  reduced  because 
of  the  protection  afforded  by  the  sleeve.  One 
disadvantage  is  the  possible  occurrence  of 
friction  burns  during  exceptionally  high-speed 
removal  of  the  canopy  from  the  sleeve.  In 
certain  Instances,  this  can  be  overcome  by  use 
of  double  thickness  sleeve,  where  the  inner 
portion  of  the  sleeve  can  be  pulled  inside  out 
by  the  deploying  canopy  to  prevent  friction 
burns. 

The  deployment  bag  method  is  similar  to  the 
sleeve  type  in  that  the  canopy  remains  in  the 
bag  until  the  lines  are  extended.  When  used 
with  a  static  line,  its  reliability  is  very  high; 
with  pilot  chute  deployment,  the  reliability  is 
dependent  upon  straight-line  deploy m*.-  In 
some  applications,  two  pilot  chutes  are  used 
simultaneously;  one  is  designed  to  withstand 
deployment  at  high  speed,  the  other  for  positive 
low-speed  application. 

2. 3. 2.4  Other  Methods.  There  are  a  number  of 
combination  deployment  methods,  such  as  com¬ 
bination  of  static-line  pack  opening  with  pilot- 
chute  deployment;  static -line  pack  opening  with 
sleeve  deployment  by  pilot  chute;  static-line 
pack  opening  with  bag  deployment  of  main  para¬ 
chute;  static-line  opening  with  pilot-chute  de¬ 
ployment  and  sleeve  or  bag;  and  use  of  jettis- 
onable  objects  as  anchors  for  static  lines.  This 
last  method  Is  used  in  high-speed  drop  test 
bombs,  in  which  the  decelerating  mass  of  the 
Jettisoned  tail  is  used  to  anchor  a  static  line, 
which  opens  the  rear-mounted  pack  in  the 
bomb,  and  also  deploys  the  parachute  canopy. 
The  jettisonable  tail  actually  can  be  classed  as 
a  pilot  chute.  Pilot  chute  deployment  by  means 
of  ejector  guns,  and  deployment  of  canopies 
with  the  aid  of  blast  bags,  are  being  used  for 
various  applications. 

2.3.3  GENERAL  CONSIDERATIONS  FOR  DE¬ 
PLOYMENT  SYSTEMS.  The  pack  and  packing 
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method  used  have  a  great  deal  of  Influence 
upon  the  deployment  of  parachute  canopies. 
Position  of  the  pack  in  relation  to  the  relative 
air  also  is  critical.  Generally,  it  may  be  stated 
that  consideration  must  be  given  to  the  blanket¬ 
ing  effect  of  the  suspended  load  on  the  pack  and 
pilot  chute,  to  twisting,  tumbling,  or  spinning 
of  the  suspended  load  aid  consequent  snagging 
and  burning  of  the  canopy  during  deployment, 
and  to  "wadding,"  in  which  the  canopy  deploys 
as  a  ball  or  mass.  Usually,  "wadding'1  is 
caused  by  the  use  of  improper  static-line 
arrangements,  pilot  chutes  of  Insufficient  drag 
area,  or  Improper  positioning  of  the  pack,  so 
that  upon  opening,  the  full  pressure  of  the  rela¬ 
tive  air  is  directed  against  the  entire  folded 
canopy. 

2.3.4  PACKS  AND  PACKING. 

2.3.4. 1  PACKS.  Packs  serve  the  purpose  of 
protecting  the  canopy,  pilot  chute,  or  other 
deployment  device  from  disarrangement  and 
damage  during  handling  as  well  as  operation. 
In  some  installations,  packs  are  Integral  with 
the  suspended  load,  have  flush  openings,  and 
may  Incorporate  ejection  devices  to  Initiate 
or  aid  deployment. 

2. 3.4.2  Requirements  for  Satisfactory  Packs. 

a.  A  nonrestricting  opening,  or  an  open¬ 
ing  that  is  not  exceeded  by  any  in¬ 
ternal  cross-sectional  area  perpen¬ 
dicular  to  the  direction  of  deployment. 

b.  A  simple  design,  without  sharp  cor¬ 
ners,  recesses,  or  sides  tapered 


inward  toward  the  area  open  for 
deployment. 

c.  A  smooth,  low-friction  interior,  free 
from  protrusions,  snags,  or  obstruc¬ 
tions  to  canopy  or  lines. 

d.  Provision  for  attachment  and  storage 
of  pilot  chutes,  if  used,  and  for 
pilot-chute  bridle  cords. 

e.  Provision  for  deployment  bag  or 
sleeve. 

f.  Provision  for  incremental  retention 
of  canopy  and  lineB  in  proper  ar¬ 
rangement  without  shifting  until  de¬ 
ployed. 

g.  Rapid  and  complete  opening  to  pre¬ 
vent  damage  to  the  canopy  during 
first  phases  of  deployment. 

h.  Provision  for  the  attachment  of  the 
parachute  to  the  load. 

i.  Positioning  of  the  pack  to  preclude 
snagging  on  any  portion  of  the  sus¬ 
pended  load  during  deployment. 

j.  Provision  either  for  passage  of  the 
cv  T.’-gion  lines  or  risers  through 
f  pack  to  the  main  load-carrying 
members  (which  can  be  accomplished 
through  the  base  or  sides  of  the 
pack),  or  for  placement  of  main  fit¬ 
tings  within  the  pack,  and  shielding 
these  fittings  to  prevent  snagging  or 
tangling  with  canopy  or  suspension 
lines. 

k.  For  certain  applications,  metal  packs 
are  satisfactory,  if  they  are  smooth 
and  are  provided  with  beaded  or 
bevelled  edges  at  the  area  open  for 
deployment. 
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CHAPTER  III 

PARACHUTE  APPLICATIONS 


The  advent  of  high-performance  jet  aircraft  and  missiles  makes  it  impossible  at  the  present  time 
to  standardize  on  a  few  typos  of  parachutes  that  will  perform  satisfactorily  for  all  applications  and 
conditions.  In  practically  every  application,  there  must  be  a  compromise  between  drag,  strength, 
deployment,  speed,  stability,  and  cost  of  production.  Present  applications  call  for  such  a  wide 
range  In  speed  of  deployment,  altitude  of  deployment,  desirable  stability,  and  drag  that  only  in¬ 
frequently  Is  it  possible  to  select  a  par.  chute  used  successfully  for  one  type  of  application  and  find 
it  satisfactory  for  another. 

Types  of  Applications.  There  are  five  general  applications  for  parachutes: 

a.  Personnel 

b.  Cargo 

c.  Stabilization 

d.  Guided  Missile  and  Drone  Recovery 

e.  Aircraft  Deceleration 
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CHAPTER  III 
SECTION  I 

PERSONNEL  PARACHUTES 


1.1  GENERAL. 

Personnel  parachutes  may  be  used  for  emer¬ 
gency  escape,  troop  dropping,  or  air  rescue. 
In  this  handbook,  we  are  considering  as  per¬ 
sonnel  parachutes  only  those  which  lower  an 
Individual  directly.  Parachutes  lor  lowering  a 
capsule,  platform,  or  other  devices  containing 
personnel  may  be  constructed  on  the  lines  of 
those  discussed  under  Cargo,  Guided  Missile 
and  Drone  Recovery,  or  Aircraft  Deceleration; 
however,  reliability  requirements  must  meet 
those  discussed  here. 

1.?  REQUIREMENTS. 

1.2.1  MANDATORY.  All  personnel  parachutes 
must  meet  these  requirements.  With  the  ex¬ 
ception  of  reliability,  this  list  is  not  necessarily 
In  the  order  of  importance. 

a.  Absolute  reliability,  both  opening  and 
actuation,  whether  automatic  or  man¬ 
ual. 

b.  Rapid  opening. 

c.  Rate  of  descent  of  no  more  than  25 
ft.  per  sec.  for  a  300 -lb.  jumper 
(usually  achieved  by  high  drag  co¬ 
efficient  to  keep  bulk  to  a  minimum). 

d.  Low  bulk  and  weight  (refer toe.  above). 

e.  Comfortable,  light,  properly  designed 
harness. 

f.  Provision  for  fast  release  of  para¬ 
chute  canopy  from  harness  or  person. 

g.  Tolerable  snatch  and  opening  forces 
at  presumed  maximum  speed  and  alti¬ 
tude  of  deployment. 

h.  Stability  within  ±20°  for  emergency  use 
and  ±10°  for  premeditated  jumping. 

1.2.2  DESIRABLE.  Additional  desirable  re¬ 
quirements  and  features  for  personnel  para¬ 
chute  systems  are: 

a.  Low  initial  cost. 

b.  Resistance  to  damage  during  use  and 
recovery. 

c.  Ease  of  rep  ilr. 

d.  Ease  of  packing. 


e.  A  pack  without  cornere  or  protu¬ 
berances,  properly  positioned  in  order 
not  to  be  subject  to  damage  or  snag¬ 
ging  preceding  or  during  deployment. 

f.  Adaptability  to  automatic  operation. 

1.2.3  CONSIDERATIONS.  The  designer  of  per¬ 
sonnel  parachutes  must  take  into  consideration 
many  design  requisites.  He  must  know  those 
facts: 

a.  Rate  of  descent  desired. 

b.  Allotted  load  limits. 

c.  Amount  of  desirable  stability. 

d.  Primary  ubr  —  emergency  escape, 
troop  dropping,  or  air  rescue. 

e.  Bulk  and  weight  requirements. 

f.  Speed  range, 

g.  Altitude  range. 

h.  Opening  method. 

i.  Provision  for  or  desirability  of  ejec¬ 
tion  Beat  stabilization. 

In  most  cases,  knowledge  of  a.  through  1.  Is 
sufficient  to  make  a  quick  and  easy  determina¬ 
tion  of  type  ami  size  of  paruchute  canopy. 
However,  if  g.,  h.,  and  1.  impose  unusual  con¬ 
ditions,  it  will  be  necessary  to  investigate 
further.  For  Instance,  ejection  seat  stabiliza¬ 
tion  may  or  may  not  be  a  design  requirement, 
but  in  any  case  it  will  be  a  consideration  In 
design. 

1.3  PERSONNEL  PARACHUTE  COMPONENTS. 

1.3.1  CANOP1E3.  Selection  of  one  of  three 
canopy  styles,  the  flat  circular  type,  flat  ex¬ 
tended  skirt,  or  the  personnel  guide  surface 
type,  meets  or  can  be  developed  to  meet  the 
majority  of  needs  for  deployment  at  subsonic 
speeds.  Where  the  characteristics  of  those 
canopies  do  not  meet  a  specific  requirement, 
it  will  be  necessary  to  consider  the  data  avail¬ 
able  on  other  types,  as  shown  in  Chapter  II. 
For  deployment  at  speeds  In  the  transonic  and 
supersonic  range,  it  will  probably  be  necessary 
to  use  a  capsule  or  other  protective  device, 
since  present  research  indicates  the  probability 
of  injury  from  wind  blast  and/or  decoloration 
effects  at  those  speeds.  For  such  high-speed 
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emergency  escape  applications,  the  types  cov¬ 
ered  under  Cargo,  Guided  Missile  and  Drone 
Recovery,  or  Aircraft  Deceleration  should  be 
considered. 

1. 3.1.1  Flat  Circular  Canopy.  (See  Figure 
3-1-1.)  This  type  (basic  diameter  28  ft.,  para¬ 
trooper  reserve  parachute  canopy  24  ft.)  has  a 
high  coefficient  of  drag,  is  relatively  simple  to 
produce,  is  sufficiently  stable  for  most  per¬ 
sonnel  applications,  is  reliable  at  speeds  up  to 
200  knots,  is  relatively  simple  to  pack  and  re¬ 
pair,  and  is  light  and  compact.  It  may  be 
deployed  by  ripcord  or  static  line  or  a  com¬ 
bination  of  both.  Its  chief  disadvantage  is  the 
limitation  at  deployment  speed  and  lack  of 
stability  for  certain  applications. 

1.3. 1.2  Flat  Extended  Skirt  Canopy.  (See  Figure 
3-1-2.)  This  type  of  parachute  canopy  may  be 
deployed  at  higher  speeds  than  the  flat  circular 
type  and  has  better  stability.  It  Is  relatively 
simple  to  produce,  pack,  and  repair.  The  33 -ft. 
nominal  diameter  10  percent  flat  extended  skirt 
type  MC-1  is  In  standard  use  at  the  present 
time.  It  Is  an  Integral  part  of  the  type  T-10 
parachute. 

1.3.1. 3  Personnel  Guide  Surface  Canopy,  (See 
Figure  3-1-3.)  This  30-ft.  nominal  diameter 
parachute  canopy  seems  to  offer  the  most 
promise  for  a  high  deployment  speed  personnel 
parachute.  Present  designs  utilize  a  shaped 
(for  example,  conical)  canopy  Bimilar  to  the  flat 
circular  type,  but  with  four  gores  removed.  The 
guide  surfaces  are  created  by  extending  alter¬ 
nate  roof  panels.  This  canopy  has  excellent 
stability  for  personnel  applications.  Opening 
shock  is  considerably  less  than  that  for  the 
flat  circular  type.  Further  development  may 
increase  its  present  moximam  safe  bail-out 
speed  of  375  knots.  Construction  is  relatively 
simple.  This  canopy  offers  an  Increase  in 
performance  without  an  increase  in  weight, 
bulk,  or  unduo  manufacturing  cost.  It  is  reliable. 

A  comparison  of  average  opening  force  versus 
aircraft  release  velocity  for  the  C-9,  MC-1, 
and  C-ll  parachute  canopies  is  presented  In 
Figure  3-1-4.  Typical  force  versus  time  his¬ 
tories  of  canopy  inflation  for  these  types  are 
shown  in  Figure  3-1-5.  Various  character¬ 
istics  for  parachutes,  including  the  three  types 
of  canopies  discussed  above,  are  presented  in 
Figure  3-1-6, 

1. 3.1.4  Steerable  Parachute  Canopies.  Steer¬ 
able  parachute  canopies  are  mainly  used  for 
dropping  rescue  personnel  and  fire  fighters. 
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They  are  not  used  as  personnel  emergency 
parachutes,  because  they  can  be  used  to  ad¬ 
vantage  only  by  experienced  Jumpers.  They 
are  not  used  hy  paratroopers  because  of  danger 
of  mid-air  collision  through  loss  or  misuse 
of  control. 

All  steerable  parachute  canopies  are  so  con¬ 
structed  that  entrapped  air  is  expelled  in  a 
manner  which  produces  a  jet  thrust.  The  jet 
thrust  generally  results  in  a  glide  of  about  5 
knots.  Turning  control  Is  achieved  by  warping 
the  canopy  to  deflect  the  jet.  On  some  types 
it  Is  possible  to  achieve  a  rate  of  turn  of  about 
60  degrees  per  second. 

1.3. 1.4.1  Derry  Slot.  (See  Figure  3-1-7.)  The 
E-l  parachute  canopy  is  steerable  by  virtue  of 
itt  slots  (see  sketch).  The  "Derry"  slots  are 
placed  ^'metrically  alt  of  the  center  of  the 
canopy  an->  to  the  left  and  right  of  the  tore  and 
aft  center.  *  A  pull  on  either  of  the  two 
guidelines  ten  ■  to  deform  the  slot  on  that 
side.  The  jet  thrujt  is  then  reversed,  and  the 
canopy  rotates  toward  the  side  of  the  pulled 
guideline. 

1.3.1. 4. 2  Slit  Skirt.  (See  Figure  3-1-8.)  The 
MC-1  becomes  steerable  with  incorporation  of 
a  V  slot  approximately  6  feet  long  in  the  rear¬ 
most  gore.  The  skirt  hem  does  not  cross  the 
(yen  slot.  Reinforcement  at  the  apex  of  the 
slot  is  necessary.  When  the  aft  risers  arc 
pulled  on  the  side  toward  which  It  Is  desired 
to  turn,  the  skirt  on  that  side  Is  forced  to  a 
lower  position  than  the  skirt  on  the  other  side 
of  the  slot.  The  resulting  direction  of  jet  flow 
causes  the  canopy  to  rotate.  This  parachute 
canopy  has  proved  to  have  stability,  rate  of 
descent,  and  opening  shock  comparable  to  that 
of  the  conventional  MC-1. 

1.3. 1.4. 3  Other  Types.  In  addition  to  the  two 
steerable  parachute  canopies  mentioned,  there 
are  a  number  that  are  or  have  been  under¬ 
going  tests.  The  parachute  canopy  shown  in 
Figure  3-1-9  Is  a  standard  MC-1  canopy  modi¬ 
fied  by  portholes  and  slip  risers.  This  ar¬ 
rangement,  provides  a  very  rapid  rate  of  turn 
Figure  3-1-10  is  a  Hart  type  parachute  canopy. 
The  extended  gores  are  on  the  fore  part  of  the 
canopy.  Figure  3-1-11  shows  an  MC-1  para¬ 
chute  modified  with  tilted  extensions.  Figure 
3-1-12  is  another  modification  oi  an  MC-1 
parachute  canopy. 

1.3.2  AUTOMATIC  OPENING  PARACHUTES. 
With  the  exception  of  parachutes  used  in  cer¬ 
tain  types  of  aircraft,  such  as  liaison  airplanes, 
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Figure  3-1-t,  Personnel  Parachute  Canopy,  Type  MC-1 

3-1-4 


Figure  3-1-4.  Average  Opening  Force  Versus  Aircraft  Release  Velocity 
for  Types  C-9 ,  MC-1,  and  C-ll  Parachute  Canopies 


helicopters,  and  certain  transport  type  aircraft, 
ali  personnel  parachutes  should  be  designed  for 
the  Installation  at  an  automatic  ripcord  release. 
The  release  should  be  mounted  inside  the  para¬ 
chute  pack,  so  that: 

a.  Comfort  of  the  parachute  wearer  is 
not  affected 

b.  The  release  is  easily  accessible  for 
inspection,  servicing,  and  installation 

c.  Automatic  actuation  at  the  ripcord  is 
reliable 

d.  The  arming  knob  or  handle  of  the 
release  is  suitably  mounted  and  ac¬ 
cessible  to  either  hand. 

The  automatic  parachute  enables  the  wearer 
to  escape  above  a  preset  altitude,  arm  hiB 
automatic  release,  and  Initiate  parachute  de¬ 
ployment  automatically  at  a  safe  and  pre¬ 
determined  level  above  the  terrain.  If  the 
wearer  escapes  from  the  aircraft  below  an 
altitude  equivalent  to  the  preset  altitude  value 
of  the  automatic  release,  parachute  deployment 
should  be  initiated  automatically  after  a  pre¬ 
determined  delay  time  to  allow  for  sufficient 


speed  ifllay  and  avoid  high  or  excessive  open¬ 
ing  shock  forces.  Different  views  of  the  para¬ 
chute  pack  type  b-B,  Incorporating  an  auto¬ 
matic  ripcord  release,  oxygen  bottle,  C-ll 
canopy,  and  harness  are  shown  in  figure 
3-1-13. 

1.3.3  PARACHUTE  PACK.  The  parachute  pack 
shall  suitably  house,  protect,  and  mount  the 
parachute  canopy  on  the  person.  It  is  manda¬ 
tory  that  the  pack  open  with  absolute  roll  ability, 
both  automatically  and  manually,  at  the  time 
the  ripcord  is  actuated,  and  permit,  uninter¬ 
rupted  deployment  of  the  canopy.  Such  opera¬ 
tion  must  take  place  under  the  extremes  of 
environmental  and  handling  conditions  imposed 
in  service.  The  use  of  metal  ribs  or  stiffeners 
in  the  pack  design  should  be  minimized  to  re¬ 
duce  weight  and  maintain  wearing  comfort.  The 
pack  should  mount  firmly  and  form-fit  the  body 
to  minimize  fouling  on  aircraft  equipment  and 
seats.  The  integration  ot  the  pack  with  other 
personal  equipment  the  person  may  be  required 
to  wear,  and  with  the  overall  escape  system  in 
the  aircraft,  is  highly  important  and  will  in¬ 
fluence  the  design  and  configuration  of  the  pack. 
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Figure  3-1-5.  Typical  Force  Versus  Time  Histories  of  Canopy  Inflation 
for  Types  C-9,  MC-1,  and  C-ll  Parachute  Canopies 
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Figure  3-1-6.  Parachute  Characteristics 
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Figure  3-1-7.  E-l  Steerable  Parachute  Canopy 


1.3.4  HARNESS. 

1. 3.4.1  Purpose.  The  parachute  harness  worn 
by  the  jumper  is  employed  first  to  transmit  the 
parachute  opening  forces  to  the  wearer  in  such 
a  manner  that  he  is  not  injured,  and  second  to 
satisfactorily  support  the  wearer  during  the 
descent.  The  harness,  consisting  primarily  of 
webbings  and  associated  hardware,  may  be  con¬ 
nected  directly  to  the  suspension  lines  by  use 
of  links.  It  is  preferred  that  risers  be  employed 
to  connect  the  suspension  lines  to  the  harness. 
The  support  during  descent  should  be  such  that 
the  wearer's  vertical  axis  is  approximately 
perpendicular  to  the  earth's  surface. 

1. 3.4.1. 1  On  personnel  emergency  type  para¬ 
chutes,  packs  and  harnesses  are  usually  main¬ 
tained  as  one  unit.  This  necessitates  the  wear¬ 
er's  carrying  the  parachute,  harness,  and  at¬ 
tached  personal  equipment  when  on  the  ground. 
A  more  desirable  arrangement,  which  is  being 
given  considerable  attention  at  the  present 


Figure  3-1-8.  Steerable  Parachute  Canopy 
(Modified  MC-1) 

time,  is  the  separation  of  the  harness  from 
the  pack  and  other  attached  personal  equipment 
while  on  the  ground.  By  this  arrangement,  the 
parachute  and  attached  personal  equipment  is 
kept  in  the  aircraft.  The  pilot  or  other  air 
crew  member  wears  only  the  harness  until  he 
enters  the  aircraft,  at  which  time  he  attaches 
the  chut9  and  personal  equipment  to  the  har¬ 
ness.  This  system  can  be  so  arranged  that  the 
straps  attaching  the  parachute  pack  to  the  har¬ 
ness  also  serve  as  the  aircraft  safety  straps. 
The  portion  of  the  parachute  system  remain¬ 
ing  in  the  cockpit  at  all  times  can  be  hooked 
up  for  automatic  disconnection  from  the  seat 
during  an  emergency  ejection.  Survival  kits 
and  other  personal  equipment  nan  also  be  at¬ 
tached  to  that  portion  remaining  in  the  aircraft. 

1.3. 4.1. 2  A  series  of  drop  tests  have  given  an 
indication  of  the  maximum  percentage  of  total 
force  that  may  be  exerted  at  various  points  in 
conventional  personnel  harnesses.  Figure 
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3-1-14  lists  these  forces  and  locations  for  both 
cotton  and  nylon  harnesses. 

1. 3.4.1. 3  Many  attempts  have  been  made  to 
Improve  present  harness  design.  One  is  the 
use  of  netting  with  low-strength  intertwining 
strands.  A  big  drawback  to  such  a  system  is 
the  difficulty  of  providing  adjustment  to  deslr- 
able  limits,  and  of  designing  around  extreme 
elongation. 

1, 3.4.2  General  Considerations  for  Harness  De¬ 
sign. 

a.  Harnesses  must  be  constructed  so 
that  adjustment  can  be  accomplished 
by  the  user  and  repairs  can  easily 
be  made  by  personnel  of  operating 
units  and  overhaul  bases. 

b.  A  safety  factor  of  1.3  must  be  main¬ 
tained  throughout  all  portions  of  the 
harness.  Technical  Memorandum  Re¬ 
port  WCLB-58-298  gives  guidance 
on  the  relative  strength  of  the  vari¬ 
ous  component  straps  and  fittings  of 
the  harness  necessary  to  meet  re¬ 
quirements. 

c.  Design  should  be  such  that  no  tem¬ 
porary  sewing  or  tacking  is  neces¬ 
sary. 

d.  The  harness  must  encompass  the 
body  in  such  a  manner  that  its  basic 
function  of  retaining  the  body  at  the 
terminus  of  the  parachute  canopy 
suspension  system  is  absolutely  and 
inherently  secure. 

e.  The  suspension  straps  and  harness 
must  not  lntorfere  with  normal  vision 
or  seriously  hamper  movement  re¬ 
quired  for  parachute  canopy  manipu¬ 
lation  during  descent  or  at  ground 
Impact. 

f.  The  harness  must  Incorporate  a  suit¬ 
able  connection  for  a  parachute  can¬ 
opy.  On  present  designs,  four  risers 
are  attached  to  the  harness  to  pro¬ 
vide  proper  suspension  and  suitable 
transmission  of  the  maximum  para¬ 
chute  opening  force,  The  connection 
of  the  riser  straps  and  the  harness 
should  be  located  1  to  is  inches 
below  the  collarbone  of  the  wearer. 

g.  The  harness  should  be  simple  In 
design,  with  an  absolute  minimum 
of  parts  that  may  become  entangled, 
twisted,  or  interposed  with  one 
another,  forcing  the  wearer  to  re¬ 
align  the  parts  for  donning. 

h.  The  harness  should  be  so  designed 
that  an  individual  may  don  the  assem¬ 
bly  while  in  a  seated  position.  While 


in  that  seated  position,  the  wearer 
should  be  able  to  adjust  the  harness. 

i.  The  harness  must  incorporate  a 
method  whereby  the  wearer  can  re¬ 
move  the  harness  quickly  and  easily 
by  operating  all  connectors  with  one 
hand. 

j.  The  number  of  adjustment  points  re¬ 
quired  to  accomplish  fitting  of  the 
harness  should  be  sept  toamiwniuui. 
The  adjustment  points  should  be  vis¬ 
ible  to  the  wearor  when  seated. 

k.  The  adjustment  points  must  not  ham¬ 
per  or  prevent  actuation  of  the  rip¬ 
cord  and/or  automatic  parachute 
arming  knob  on  the  accessible  front 
area  of  the  harness  when  worn. 

l.  The  harness  must  be  so  designed 
that  faulty  or  careless  adjustment 
will  not  permit  It  to  fall  from  the 
wearer's  shoulders  during  canopy 
deployment  or  opening. 

m.  The  harness  must  be  quickly  and 
easily  adjustable  without  roping  or 
Jamming  of  the  webbings  in  the  ad¬ 
justment  fittings.  The  sise  of  the 
harness  must  be  Indicated  by  a  vis¬ 
ible  marking,  so  that  the  alee  to 
which  the  harness  is  adjusted  will 
be  readily  seen  at  a  glance. 

n.  Unless  individually  Bleed,  the  harness 
must  be  readily  and  quickly  ad¬ 
justable  to  a  suitable  fit  lor  indi¬ 
vidual  personnel  siees  varying  from 
R  feet  2  inches  to  6  feet  6  inches  in 
height  and  110  to  230  pounds  in 
weight,  with  or  without  standard  Air 
Force  winter  flight  clothing. 

o.  The  harness  must  not  cause  dis¬ 
comfort  to  the  wearer  resulting  from 
limited  area  body  contact  and  pres¬ 
sure  points,  or  cause  uncomfortable 
restriction  from  bulky  protrusions, 
which  may  invite  snagging  on  other 
personal  equipment  or  the  aircraft 
seat. 

p.  There  must  be  no  strap  adjusters, 
connectors,  or  metal  fittings  against 
the  wearer's  back  when  the  harness 
is  worn.  Metal  fittings  must  not  con¬ 
tact  the  wearer's  face,  neck,  or 
head  during  canopy  opening  or  de¬ 
scent. 

1.4  CANOPY  DEPLOYMENT. 

There  are  fair  types  of  deployment  used  with 
personnel  parachutes:  (1)  pilot  chute,  (2)  static 
line,  (3)  pilot  chute  and  quarter  bag,  and  (4) 
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Figure  3-1-14.  Maxitnum  Force  Percentages  Measured  on  a  Parachute  Harness 

During  Canopy  Opening 
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static  line  and  deployment  bag.  Number  (1)  has 
been  used  for  many  yoars  (or  personnel  emer¬ 
gency  parachutes.  Number  (2)  is  still  used  by 
the  air  rescue  service,  but  it  has  generally 
been  replaced  by  number  (4)  (or  other  pre¬ 
meditated  jumping.  See  Chapter  II  (or  (urther 


information  on  deployment  systems.  Figure 
3-1-13  shows  the  deployment  at  a  type  T-10 
parachute  and  a  correlation  at  static  line  force 
to  state  at  deployment.  Note  the  deployment 
bag  and  the  smooth,  straight  deployment  at  the 
suspension  lines. 
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CHAPTER  ill 
SECTION  2 
AERIAL  DELIVERY 


2.1  GENERAL. 

2.1.1  Aerial  delivery  systems  require  the  ueo 
of  parachutes  for  aerial  delivery  of  vital  sup¬ 
plies  and  equipment  in  operational  condition 
in  support  of  combat  operations  and  resupply 
missions.  Present  aerial  delivery  systems  are 
designed  for  cargoes  weighing  from  100  to 
25,000  pounds.  The  primary  objective  of  the 
aerial  delivery  system  is  the  capability  of  air¬ 
dropping  a  variety  of  vehicles,  weapons,  heavy 
cargo,  and  miscellaneous  supplies  to  any  stra¬ 
tegic  locality  in  such  a  manner  that  they  will  be 
usable  with  la  a  minimum  amount  of  time  and 
with  minimum  hazard  to  personnel  involved. 

2.1.2  An  aerial  delivery  system  must  Include 
tho  restraining,  releasing,  and  moving  of  a 
compatible  cargo  load  safely  and  positively  out 
of  an  aircraft  in  flight  at  the  pilot's  command. 
The  ay  stem  generally  consists  rf:  a  platform 
Or  container  to  hold  the  cargo;  a  parachute 
system  capable  of  producing  the  proper  rate  of 
descent  without  damaging  shock  loads;  a  de¬ 
celerating  system  to  assure  minimum  damage 
to  tho  cargo  at  ground  impact;  and,  where  ap¬ 
plicable,  platform  antitoppling  devices.  A  para¬ 
chute  canopy  ground  release  is  provided  to 
prevent  load  turnover  or  drag  of  parachuted 
supplies  during  high  ground  wind  conditions. 
The  aerial  delivery  sequence  of  a  type  D4 
bulldozer  ia  shown  in  Figure  A- 2-1. 

2.2  AIRCRAFT  SYSTEMS. 

2.2.1  AIRCRAFT  TYPES.  At  the  present  time, 
the  following  cargo  aircraft  are  considered 
suitable  for  aerial  delivery  purposes:  the  C-97, 
C-llfl,  C-123,  C-130,  and  C-124.  The  C-119  is 
equipped  for  overhead  monorail  delivery,  as 
well  as  for  delivering  equipment  by  means  of 
extraction  from  the  aft  end  of  the  cargo  com¬ 
partment  using  an  extraction  parachute.  All 
current  cargo  aircraft  are  propeller-driven 
and  are  designed  for  relatively  low  dropping 
speeds  in  the  range  between  110  and  150  knots. 
It  is  possible  that  in  the  next  few  years  situa¬ 
tions  may  develop  in  which  it  is  necessary  to 


devise  high-Bpeed  aerial  dellvory  Bystems  for 
use  with  future  design  cargo  aircraft.  At  the 
present  time,  however,  most  aerial  delivery 
systems  are  for  operation  at  launching  npeeds 
of  up  to  130  knots. 

2.2.2  METHOD  OF  EJECTION.  Two  goncral 
methods  at  cargo  ejection  are  used  in  today's 
cargo  type  aircraft. 

2.2.2. 1  Gravity  System.  In  this  method,  the 
cargo  or  cargo  container  (see  Figure  3-2-2) 
rolls  from  the  aircraft.  It  utilizes  a  floor- 
secured  roller  system.  The  roller  conveyor  Is 
sloped  by  change  of  the  attitude  of  the  aircraft 
to  permit  the  cargo  to  movo  by  gravity  once 
the  restraint  is  removed. 

2.2. 2. 2  Power  Ejection.  The  other  general  sys¬ 
tem  is  the  power  ejectlun  system.  One  type 
utilizes  an  overhead  monorail  and  numerous 
trolleys  suspending  Individual  containers  up  to 
500  pounds  in  gross  weight.  The  trolleys  are 
moved  along  the  overhead  monorail  by  a  motor- 
driven  cable.  When  the  trolley  reaches  the  re¬ 
lease  point,  a  trigger  opens  a  shackle  to  re¬ 
lease  the  load.  In  this  system,  a  typical  load  of 
twenty  500 -pound  bundles  may  be  released  in 
a  period  of  7  to  8  seconds.  A  second  type  of 
power  ejection  system  utilizes  an  extraction 
parachute  as  a  source  of  power  for  movement 
of  loads  from  the  aircraft,  as  shown  in  Figure 
3-2-3. 

2.2.3  RESTRAINING  SYSTEMS.  The  design  of 
the  restraining  system  must  be  based  on  air¬ 
craft  design  load  factors,  a.s  given  in  speci¬ 
fication  MIL-S-5705,  which  outlined  general 
"g"  values  in  all  possible  directions.  When  skid 
type  platforms  are  used,  the  primary  re¬ 
straints  are  removed  manually  by  releasing  the 
tie-downs  shortly  before  the  drop  (see  Figure 
3-2-4).  With  stressed  type  platforms,  restraint 
is  automatically  removed  by  action  of  the  ex¬ 
traction  parachute  during  the  ejection  cycle. 
On  the  overhead  bundle  system,  Figure  3-2-5, 
the  cable  controls  the  fore  and  aft  movement. 
Lateral  container  movement  is  restricted  by 
side  curtains  or  similar  means. 
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Figure  3-2*2,  A-22  Container  Dtvp  ftvfn  a  C-123  Aircraft 

2.3  OVERALL  DESIGN.  compromise  between  s  lending  impact  ab¬ 

sorbing  By  stem  and  a  rate  of  descent  low 
2.3.1  OBJECTIVES.  In  most  instances,  the  d«-  enough  to  hold  the  design  of  the  shock  absorbing 
sign  of  an  aerial  delivery  system  is  based  on  devices  to  reasonable  bulk,  weight,  ahd  cost, 
getting  the  cargo  to  the  ground  in  the  least 

possible  time  without  damage  to  the  cargo,  ap-  2.3.2  GENERAL  CONSIDERATIONS  FOR  DE- 
plying  the  most  economical  and  practical  meth-  SION  OF  AN  AERIAL  DELIVERY  SY8- 

oda.  The  least  possible  time  is  desirable  for  TEM. 

maximum  drop  accuracy,  minimum  dispersion 

of  drop  loads,  and  minimum  effect  of  wind  2.3.2. 1  Durability.  Many  aerial  delivery  drops 

drift.  This  decreases  the  time  during  which  take  place  in  an  area  where  it  is  possible  to 

the  cargo  la  vulnerable  to  enemy  fire  and  recover  the  parachute.  It  Is  therefore  desirable 

decreases  t hs  time  in  which  the  enemy  may  to  employ  parachutes  and  hardware  ihnt  will 

pinpoint  the  area  of  drop.  Theoretically,  the  resist  damage  under  ordinary,  anticipated  con- 

ideal  system  would  not  employ  any  deceleration  ditiona. 

device,  but  would  absorb  landing  shock  to 

prevent  damage  to  cargo.  Practically,  however,  Z.3.2.2  Ease  of  Manufacture  and  Low  Cost, 

size,  weight,  and  cost  cA  the  shock  absorbing  Wherever  possible,  parachute  design  should  be 

devices  required  prohibit  their  use  for  bulky  simple  for  ease  of  manufacture.  Low  cost 

or  heavy  objects.  Shock  absorbing  devices  on  designs  adapt  themselves  to  a  high  rate  of 

platforms  and  containers,  in  conjunction  with  production, 

parachutes,  have  great  advantages.  The  sta¬ 
bilizing  effect  at  the  parachute  canopy  permits  2.3.2.S  Critical  Materials.  At  the  present  time, 

the  container  to  be  so  constructed  that  it  need  cargo  canopies  utilize  nylon,  rayon,  and  cotton 

absorb  impact  shocks  basically  in  only  one  muslin,  ftn/on  is  used  in  the  24-ft.  diameter 

direction.  Present  designs  of  aerial  delivery  G-1A,  lT-ft.  diameter  G-V,  and  8-ft.  diameter 

systems  strive  to  achieve  the  best  possible  G-8  paiuchutes.  Cotton  muslin  e!*fb  is  used  in 
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Figure  3-2-2.  A-22  Container  Drop  from  a  C-123  Aircraft 


?  3  OVERALL  DESIGN. 

2.3.1  OBJECTIVES.  In  most  instances,  the  de¬ 
sign  of  an  aerial  delivery  system  is  based  on 
getting  the  cargo  to  the  ground  in  the  least 
passible  time  without  damage  to  the  cargo,  ap¬ 
plying  the  most  economical  and  practical  meth¬ 
ods.  The  least  possible  time  is  desirable  for 
maximum  drop  accuracy,  minimum  dispersion 
of  drop  loads,  and  minimum  effect  of  wind 
drift.  This  decreases  the  time  during  which 
the  cargo  is  vulnerable  to  enemy  tire  and 
decreases  the  time  in  which  the  enemy  may 
pinpoint  the  area  of  drop.  Theoretically,  the 
ideal  system  would  not  employ  any  deceleration 
device,  but  would  absorb  landing  shock  to 
prevent  damage  to  cargo.  Practically,  however, 
size,  weight,  and  cost  of  the  shock  absorbing 
devices  required  prohibit  their  use  for  bulky 
or  heavy  objects.  Shock  absorbing  devices  on 
platforms  and  containers,  in  conjunction  with 
parachutes,  have  great  advantages.  The  sta¬ 
bilizing  effect  of  the  parachute  canopy  permits 
the  container  to  be  so  constructed  that  it  need 
absorb  impact  shocks  basically  in  only  one 
direction.  Piesent  designs  of  aerial  delivery 
systems  strive  to  achieve  the  best  possible 


compromise  between  a  landing  impact  ab¬ 
sorbing  system  and  a  rate  of  descent  low 
enough  to  hold  the  design  of  the  shock  absorbing 
devices  to  mas  enable  bulk,  woight,  and  cost. 

2.3.2  GENERAL  CONSIDERATIONS  FOR  DE¬ 
SIGN  OF  AN  AERIAL  DELIVERY  SYS¬ 
TEM. 

2.3.2. 1  Durability.  Many  aerial  delivery  drops 
take  place  in  an  area  where  it  is  possible  to 
recover  the  naj  rhute.  It  in  therefore  HpniroKi^ 
to  employ  part,  'mtes  and  hardware  that  will 
resist  damage  under  ordinary,  anticipated  con¬ 
ditions. 

2. 3. 2. 2  Ease  of  Manufacture  and  Low  Cost. 
Wherever  possible,  parachute  design  should  be 
simple  for  ease  of  manufacture.  Low  cost 
designs  adapt  themselves  to  a  high  rate  of 
production. 

2. 3. 2. 3  Critical  Materials.  At  the  present  time, 
cargo  canopies  utilize  nylon,  rayon,  and  cotton 
muslin.  Rayon  is  used  in  the  24 -ft.  diameter 
G-1A,  12-ft.  diameter  G- 7,  and  8 -ft.  diameter 
r,-8  parachutes.  Cotton  muslin  cloth  is  used  in 
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Figure  3-2-3.  cargo  Extraction 


Figure  3-2-4.  Tie-Down  Restraint 

the  G-13  hemispherical  parachute.  Nylon  ma¬ 
terials  are  used  in  the  construction  of  the  64- 
ft.  diameter  G-12  and  the  100-ft.  diameter 
G-11A  parachutes. 

2. 3.2.4  Reliability  of  Inflation.  Aerial  delivery 
parachute  canopies  do  not  have  to  meet  the 
reliability  requirements  of  personnel  chutes. 
However,  for  accurate  dropping,  they  muat  be 
dependable,  must  have  predictable  infiatiun 
characteristics,  and  must  be  consistent  in 
performance. 

2. 3. 2. 5  Ease  of  Maintenance.  Ease  of  main¬ 
tenance  is  principally  a  function  of  design 


Figure  3-2-5.  Power  Ejection  — 
Overhead  Bundle  System 

simplicity.  Aerial  delivery  parachute  canopies 
are  subject  to  damage  not  only  by  ground  and 
object  contact  but  also  through  lack  of  attention 
after  completion  of  drop  or  through  mishan¬ 
dling  by  inexperience  personnel. 

2. 3.2. 8  Rate  of  Descent.  In  general,  the  rate 
of  descent  of  25 -ft,  per  second  will  be  strived 
for.  However,  faster  rates  of  descent  will  be 
used  for  cargoes  that  resist  damage  at  the 
higher  impact  shocks  and  for  special  aerial 
delivery  application. 
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2. 3.3. 7  Stability.  An  oscillation  of  ±10"  is  per¬ 
missible  lor  most  cargo  container  drops.  A 
higher  degree  of  stability  is  required  for 
aerial  delivery  systems  equipped  with  pneu¬ 
matic  shock  absorbers. 

2. 3.2.8  Opening  Shock.  For  most  aerial  de¬ 
livery  systems,  opening  shock  is  not  of  pri¬ 
mary  concern,  except  that  it  be  hold  suffi¬ 
ciently  low  and  withm  the  limitations  of  the 
design  load  criteria  of  the  parachute  system. 

2. 3. 2. 8  Bulk  and  Weight.  Bulk  and  weight  is  of 
particular  importance  for  ease  of  handling  by 
ground  personnel.  In  most  coses,  however,  the 
bulk  of  the  parachute  is  not  critical  due  to  the 
aircraft  space  available. 

2.3.2.10  Environment.  Aerial  delivery  canopies 
are  often  packed  and  stored  for  a  co  taiderable 
time  in  areas  of  high  humidity,  relatively  high 
temperatures,  or  extreme  cold.  When  the  en¬ 
vironmental  conditions  for  a  specific  design 
ore  expected  to  be  unusual,  it  will  bu  necessary 
to  select,  the  proper  material  and/or  make 
provision  for  special  protective  packing. 

2.3.3  OTHER  DESIGN  CONSIDERATIONS. 

a.  Maximum  tolerable  shock  loads  and 
the  direction  of  those  shock  loads  in 
relation  to  the  cargo. 

b.  Maximum  vortical  fall  distance  per¬ 
missible  before  terminal  velocity  is 
reached. 

c.  Specific  stability  requirements  for  the 
particular  cargo  being  dropped. 

d.  Rate  of  descent  desirable  during  any 
stage  or  reefed  canopy  condition. 

e.  Suspension  design  in  relation  to  load 
eg  and  attitude  for  landing. 

f.  Conformation  to  available  space  in 
aircraft  prior  to  and  during  exit. 

g.  Anticipated  range  of  launching  speed 
and  altitude  lor  drop. 

h.  The  anticipated  aircraft  to  be  utilized 
and  its  characteristics  and  capabili¬ 
ties  in  regard  to  load  extraction  or 
ejection. 

1.  The  minimum  weight  possible  for  the 
system,  including  platforms  or  con¬ 
tainers  and  parachutes. 

j.  Determination  of  whether  to  use  ex¬ 
pendable  '6r  reusable  containers  or 
platforms. 

k.  Tlie  maintaining  of  the  eg  of  the  air¬ 
craft  within  controllable  limits. 


1.  The  provision  for  rapid  exit  to  kt  • 
dispersion  drop  area  to  a  minimui. 

m.  The  point  of  attachment  to  the  struc¬ 
ture  of  the  platform  for  the  absorption 
of  opening  shock. 

n.  A  deployment  system  so  designed  that 
the  load  does  not  get  a  chance  to  over¬ 
turn  completely  after  exit. 

o.  The  stability  of  the  load  prior  to  main 
canopy  deployment. 

p.  Reliable  deployment  without  complica¬ 
ted  deployment  system. 

q.  Selection  of  proper  material  In  rela¬ 
tion  to  cost  and  strength. 

r.  Ease  of  packing  and  handling, 
e.  Low  cost  of  maintenance. 

2.4  PARACHUTE  CANOPIES. 

2.4.1  GENERAL.  Single  parachute  canopies  or 
clusters  of  them  may  be  used  either  for  ex¬ 
traction  or  for  vertical  descent.  In  general,  it 
Is  desirable  to  have  canopies  with  a  high  drag 
coefficient,  which  has  a  direct  bearing  on  the 
weight  and  bulk  of  the  system. 

2.4.2  EXTRACTION  PARACHUTE  CANOPIES. 
Extraction  parachute  canopies  must  be  of  sim¬ 
ple  and  dependable  design.  (See  Figure  3-2-3.) 
A  particular  requisite  is  that  they  perform 
reliably  In  the  wake  of  the  aircraft.  Auothor 
requisite  is  very  high  stability.  Parachute 
canopies  now  considered  satisfactory  for  ex¬ 
traction  purposes  are  the  ring  slot  and  ribbon 
types.  Consideration  is  being  given  to  a  special 
design  of  the  guide  surface  canopy  that  has  low 
opening  shock.  The  advantage  of  the  guide  sur¬ 
face  canopy  lies  in  its  rapid  opening  charac¬ 
teristics,  which  would  provide  better  control  of 
the  time  sequence  during  extraction.  The  slue 
of  the  extraction  canopy  is  determined  by  the 
time  required  to  remove  the  load  from  the 
aircraft  compartment. 

In  general,  the  following  extraction  parachute 
canopies  are  used  for  cargo  extraction  during 
C  -119  aerial  delivery  missions: 

a.  For  cargo  loads  between  3, GOO  and 
6,000  pounds  —  15-foot  ring  Blot  canopy 
(reefed) 

b.  For  cargo  loads  between  6,000  and 
12,000  pounds  —  15  -foot  ring  slot 
canopy  or  16 -foot  FIST  ribbon  canopy. 

c.  For  cargo  loads  between  12,000  and 
25,000  pounds  —  22-foot  ring  slot 
canopy  or  24 -foot  FIST  ribbon  canopy. 
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The  force  required  for  cargo  extraction  gen¬ 
erally  ranges  from  80  to  200  percent  of  the 
load  being  extracted.  The  higher  figure  is 
recommended  for  use  when  the  stability  prob¬ 
lems  of  the  aircraft  are  important.  Too  high 
on  extraction  speed  prevents  the  load  from 
rotating  sufficiently  to  permit  smooth  canopy 
deployment  from  the  top  of  the  cargo.  Too  low 
an  extraction  speed  may  permit  the  cargo  to 
overturn.  See  Figure  3-2-8.  Figure  3-2-7 
shows  the  relation  between  indicated  airspeed, 
reefing  line  length,  and  extraction  load.  To 
Insure  proper  Inflation,  risers  must  be  suffi¬ 
ciently  long  to  minimize  the  wake  effect,  The 
system  must  be  designed  to  insure  that  the 
parachute  canopy  is  so  placed  during  and  aftor 
inflation  that  there  is  no  interference  with  the 
aircraft  structure. 


2.4.3  VERTICAL  DESCENT  PARACHUTE 
CANOPIES.  At  the  present  time,  there  are 
four  main  types  of  parachute  canopies  used 
for  aerial  delivery  systems:  the  standard  flat; 
the  hemispherical,  or  baseball;  the  full  ex¬ 
tended  skirt  12  1/2%;  and  the  35°  conical  type. 
Some  of  their  characteristics  are  shown  In 
Figure  3-2-8.  Standard  aerial  delivory  para¬ 
chutes  are  presented  in  Figure  3-2-0.  Typical 
force  versus  time  histories  of  various  diam¬ 
eter  aerial  delivery  canopies  are  shown  in 
Figure  3-2-10. 

A  correlation  of  parachute  canopy  shape  and 
lorce  developed  during  canopy  deployment  and 
opening  of  a  150-ft.  diameter  experimental 
aerial  delivery  canopy  is  presented  in  Figure 
3-2-16. 

2.5  CARGO  PLATFORMS. 

Cargo  platforms  support  the  load  or  serve  as 
a  base  for  a  load.  Wooden  platforms  are  gen¬ 
erally  semlexpendable  and  serve  as  a  base 
for  the  load  while  the  load  is  in  the  aircraft. 
After  deployment,  the  parachute  system  is 
connected  directly  to  the  load  and  the  platform 
function  is  reduced  to  ground  shock  absorp¬ 
tion.  Stressed  type  platforms  are  constructed 
of  metal.  They  serve  as  a  base  and  support 
for  the  load  while  it  is  in  the  aircraft,  during 
descent,  and  upon  landing.  At  the  present  time, 
two  stressed  metal  type  platforms  are  under¬ 
going  extensive  tests.  One  type  (Figure  3-2-16) 
has  side  rail  restraint,  and  the  other  type 
(Figure  3-2-17)  has  center  rail  restraint.  See 
Chapter  VIU,  Section  2,  for  a  comparison  of 
different  platforms  and  containers, 


2.6  DECELERATION  AND  ANTITOPPLING 

DEVICES. 

2.6.1  GENERAL.  Most  aerial  delivery  systems 
have  teen  designed  to  achieve  a  rate  of  descent 
in  the  neighborhood  of  25  ft.  per  second.  The 
rate  of  descent  may  be  varied  according  to 
the  fragility  of  the  cargo,  the  tactical  situation, 
the  accuracy  of  drop  desired,  and  the  effi¬ 
ciency  of  the  ground  impact  absorption  sys¬ 
tem.  The  importance  of  the  impact  absorption 
system  cannot  be  overrated.  Ground  Impact 
forces  of  up  to  100  g  have  been  measured  on 
platforms  descending  at  approximately  30  ft. 
per  second.  Various  deceleration  devices  have 
been  employed;  the  most  successful  to, date  for 
aerial  delivery  systems  is  the  air  bag  type. 
Wind  drift  can  cause  damage  by  making  the 
cargo  roll  or  topple  at  impact.  To  avoid  such 
damage,  antitoppling  devices  in  the  nature  of 
outriggers  are  employed  on  the  platforms. 

2.6.2  DECELERATOR  AND  ANTITOPPLING 
SYSTEM.  The  air  bag  deceleratnr  nr  shock 
absorbing  system  consists  of  nylon  rubberized 
barrel -shaped  collapsible  bogs  that  are  ap¬ 
proximately  40  inches  high,  with  a  major 
diameter  of  34  inches.  A  series  of  holes  on  the 
bottom  surface  permits  the  air  to  enter  the 
bag,  and  a  rubber  flapper  valve  prevents  es¬ 
cape.  A  rubber  blowout  diaphragm  inserted  at 
the  top  of  each  bag  Is  designed  to  blow  out 
when  a  predetermined  pressure  point  is 
reached.  On  the  side  rail  restraint  stressed 
metal  platform,  Figure  3-2-10,  the  bags  are 
lacod  at  the  top  and  bottom  to  plywood  panels. 
The  top  panels  are  attached  to  brackets  fas¬ 
tened  to  the  lower  surface  of  the  platform 
skin.  The  bags  are  held  in  the  collapsed, 
stowed  position  by  the  hinged  plywood  anti¬ 
toppling  doors.  These  doors  are  secured  by 
means  of  cotton  cords,  which  are  threaded 
through  time  delay  cutters.  On  the  center 
rail  restraint  stressed  metal  platform,  metal 
outriggers  serve  the  same  function  the  doors 
serve  on  the  side  rail  restraint  stressed  metal 
platform.  See  Figures  3-2-17  and  3-2-18. 

2.6.2. 1  When  the  platform  is  extracted  from 
the  aircraft,  the  cutters  are  actuated  through 
a  10-second  time  delay  mechanism  by  a  static 
line  from  the  cutters  to  the  extraction  chute 
fitting.  When  the  cords  are  cut,  the  outriggers 
swing  to  their  open  position  and  allow  the  air 
bags  to  extend  downward  and  fill  with  air. 
Upon  contact  with  the  ground,  the  air  trapped 
in  the  bags  is  compressed.  The  top  diaphragm 
is  then  ruptured  by  the  air  pressure,  per¬ 
mitting  the  air  to  escape  through  the  top 


WADC  TR  55-265 


3-2-6 


A.  TOO  HIGH  EXTRACTION  SPEED-CARGO  REMAINS  IN  NEARLY  LEVEL  POSITION. 
INTERFERENCE  MAY  TAXE  PLACE  BETWEEN  CARGO  AND  DEPLOYING  SUSPEN¬ 
SION  SYSTEM.  UNEVEN  AND  EXCESSIVE  LOADS  MAY  BE  PLACED  ON  PARTS  OF 
THE  SUSPENSION  SYSTEM. 


c 


B.  TOO  LOW  AN  EXTRACTION  SPEED  CAUSES  CARGO  TO  ROTATE  AND  TUMBLE. 

C.  SEE  FIGURE  3-2-1  AND  FIGURE  3-2-3  OF  THIS  SECTION  FOR  AN  EXAMPLE 
OF  CARGO  EXTRACTION  USING  PROPER  SIZE  EXTRACTION  CHUTE. 
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Figure  3-2-6.  Effect  of  Variation  of  Extractioti  Force 

3-2-7 


/ 


INDICATED  SPEED,  V  (KTS3 


Figure  3-2-7.  Reefing  Line  Length  Determination 
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Figure  3-2-8,  Comparison  of  Various  Aerial  Delivery  Parachutes 


Rate  of  Descent  25  Feet 

Weight 

(lb.) 

Approx. 
Bulk 
(cu.  ft.) 

Load 

Capability 

Ob.) 

130  Knots 
Opening 

Time 

(sec.) 

Flat 

Circular 

Remarks 

620 

30 

12,000 

23 

-  i 

200  ft.  dia. 
(Experimental) 

See  Figure 
3-2-11 

325 

20 

8,000 

19 

150  ft.  dia. 
(Experimental) 

240 

11 

3,500 

10 

100  it.  dia. 

(0-11) 

See  Figure 
3-2-12 

120 

5 

2,200 

7.2 

64  ft.  dia. 

(G-12) 

Figure  3-2-13 

20 

— 

300 

2 

24  ft.  dia. 

(O-l) 

16 

0.3 

100 

mm 

12  ft.  dia. 

(Q-7) 

45 

2.3 

500 

5 

Shaped 
hemispher¬ 
ical  (0-13) 

See  Figure 
3-2-14 

11 

0.25 

200 

1  sec  at 
115 
knots 

B  ft.  dia.  (0-8) 

opening.  This  action  results  in  deceleration 
of  the  platform  and,  therefore,  lower  impact 
upon  contact  of  the  platform  with  the  ground. 
The  open  outriggers  or  doors  also  act  as  an 
antitopllng  device  when  the  platform  is 
dropped  under  wind  drift  conditions.  The  ad¬ 
ditional  surface  area  helps  prevent  the  plat¬ 
form  from  digging  into  the  soft  earth  or  sand 
and  giveB  the  platform  a  wider  bas»  for  in¬ 
creased  stability.  This  feature  causes  the  plat¬ 
form  to  skid  until  it  comes  to  a  stop,  rather 
than  rolling  over  and  damaging  the  load.  (See 
Figure  3-2-19.)  The  air  bags  and  doors  are 
semiexpendable  and  may  have  to  be  replaced 
or  repaired  after  the  drop. 

2. 6. 2. 2  A  typical  time  history  of  air  bag  pres¬ 
sures  and  platform  deceleration  obtained  dur¬ 


ing  ground  impact  of  a  15 -ft.  stressed  metal 
type  platform  with  air  bags  and  antitoppling 
devices  is  presented  in  Figure  3-2-20. 

2.7  REEFING. 

Reefing  is  not  generally  used  on  cargo  par¬ 
achute  canopies,  because  they  are  designed 
to  withstand  opening  shock  forces  at  normal 
deployment  velocities.  At  present,  reefing  is 
confined  mostly  to  clusters  of  large  para¬ 
chute  canopies,  where  the  reefing  insures  that 
all  canopies  reach  the  same  stage  of  infla¬ 
tion  ■*  .  tine  time  of  disreefing,  which 

in  turn  results  in  an  even  deployment  (see 
Figure  3-2-1),  and  minimizes  damage  on  large 
parachute  canopies.  On  high-altitudo  drops, 
utilizing  any  size  of  aerial  delivery  canopy, 
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PARACHUTE  F0WCE  lLal  PARACHUTE  FORCE  lift!  PM ACKUTE  FORCE  (LB.)  PARACHUTE  FORCE  ILB  ) 


AERIAL  DELIVERY  CANOPY-SE  Ft.  DIAMETER  (S9*CONlCAL) 
SUSPENDED  LOAD -990  LB. 

DEPLOYMENT  ALTITUDE- 1900  FT. 

DEPLOYMENT  SPEED -ISO  KNOTS 

TIME  OF  DEPLOYMENT- STATIC  LINE/ SPEAK  CORD 


TTT 


TIME  (SEC) 

AERIAL  DELIVERY  CANOPY-  100  FT.  DIAMETER 
SUSPENDED  LOAD -SOM  LB- 
DEPLOYMENT  ALTITUDE-2500  FT, 

DEPLOYMENT  SPEED  - 109  KNOTS 

TYPE  OF  DEPLOYMENT  -  PILOT  CHUTE  /  DEPLOYMENT  BAG 


10 

TlM£(9EC) 


AERIAL  DELIVERY  CANOPY -64  FT.  DIAMETER 
SUSPENDED  LOAD-  BtOO  LB. 

8S5®5®S  WBPWS&S- 

OF  DEPLOYMENT-STATIC  LINE/ 
'  CORD 


TIME (SEC) 


-29000 


TIME  (SEC) 

AERIAL  DELIVERY  CANOPY- 200  FT.  DIAMETER 
SUSPENDED  LOAD -12000  LB. 
DEPLOYMENT  ALTITUDE  -  2300  FT 


Figure  3-2-10.  Typical  Force  Versus  Time  Diagram  of  Aerial  Delivery  Canopies 
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Figure  9  2-11,  Experimental  200-ft. 
Diameter  Parachute  Canopy 


prolonged  reeling  may  be  employed  to  achieve 
better  accuracy  of  drop.  In  such  cases,  stage 
reefing  may  be  desirable.  In  a  majority  at 
cases  where  reefing  Is  presently  employed,  a 
2 -second  reefing  time  will  servo  the  purpose. 
An  increase  in  reefing  time  automatically 
raises  the  minimum  altitude  at  which  the  drop 
may  be  accomplished  successfully.  Reefing 
system  design  and  fabrication  must  be  simple 
to  permit  local  installation. 

2.8  SKIRT  HESITATOR. 

Skirt  hesitators  aro  often  employed  on  aerial 
delivery  parachute  canopies  to  prevent  infla¬ 
tion  before  line  stretch  is  complete.  This  is 
particularly  desirable  in  cases  where  snatch 
force  would  exceed  the  opening  shock. 

2.9  DEPLOYMENT  METHODS. 

2.9.1  GENERAL.  Deployment  of  aerial  delivery 
parachute  canopies  may  be  by  pilot  chute  or 
by  static  line.  Complicated  deployment  systems 
are  not  desirable,  since  they  increase  cost, 
maintenance,  and  rigging  time. 


2. 9. 1.1  A  very  satisfactory  system  has  been 
devised  for  forced  ejection  of  an  extraction 
parachute  by  means  of  a  spring-loaded  tray 
or  similar  device.  This  method  at  forced 
ejection  makes  it  possible  to  eliminate  the 
pilot  chute.  The  tray,  essentially  a  catapult, 
may  be  mounted  on  the  floor,  side  wall,  or 
colling  of  the  cargo  compartment  of  the  air¬ 
craft  (see  Figure  3-2-21). 

2. 9. 1.2  The  simplest  method  which  has  been 
used  successfully  to  Initiate  deployment  of  an 
extraction  parachute  la  the  pendulum  method. 
In  the  present  stage  of  develo,  ment,  a  notched 
arm  or  pendulum  bar  and  an  S-l  bomb  rack  aro 
mounted  as  a  unit  in  the  top  aft  portion  of  the 
cargo  compartment  (see  Figure  3-2-22).  The 
parachute  is  retained  in  a  horizontal  position 
by  the  bomb  rack,  engaging  V-rlngo  secured 
to  the  deployment  bag.  A  short  pendulum  line 
runs  horizontally  from  the  deployment  bag  to 


Figure  3-2-12.  100-ft.  G-11A 
Parachute  Canopy 


WADC  TR  55-265 


3-2-12 


Figure  3-2-13.  G-12  Parachute  Canopy 
Lowering  A  -22  Container 

the  notch  In  the  pendulum  bar.  Upon  actuation 
of  the  bomb  rack  by  either  the  pilot  or  al¬ 
ternate  crew  member,  the  parachute  falls  as 
a  pendulum  in  an  arc  around  the  end  of  the 
pendulum  bar  until  a  satisfactory  release  atti¬ 
tude  is  reached,  depending  upon  aircraft  con¬ 
figuration..  At  this  point,  the  loop  in  the  pen¬ 
dulum  line  slips  from  the  notch  and  the 
parachute  is  then  free  to  be  carried  aft  and 
subsequently  deployed  by  the  airstream. 


2.9.2  DEPLOYMENT  SYSTEM  DESIGN.  The 
deployment  system  must  be  kept  as  simple 
as  possible.  Small  loads  generally  can  be 
thrown  or  dropped  from  the  aircraft  by  utiliz¬ 
ing  a  simple  static  line  to  open  the  parachute. 


Figure  3-2-14.  C- 14  Hemispherical  Parachute 
Canopy 

2. 9.2.1  Cargo  canopies  for  100-  to  500-lb. 
load  capacity  are  packed  in  the  standard  type 
envelope  pack.  This  pack  is  attached  to  the 
load  and  doeu  no?,  assist  deployment.  The 
static  line  is  attached  directly  to  the  apex 
at  the  canopy.  Reliability  is  not  as  good  as  that 
of  many  other  systems,  but  cost  and  simplicity 
warrant  extensive  use  of  this  system.  The 
G-13  and  the  T-7  (as  converted  for  cargo) 
parachutes  are  most  often  used  with  this  sys¬ 
tem. 

2. 9.2.2  For  cargo  loads  betweon  1,500  and 
2,200  I'd.  utilizing  an  A-22  container  and  a 
G-12  parachute  (jpi&ure  3-2-13),  a  nylon  de¬ 
ployment  bag  Is  used.  Deployment  is  initiated 
by  a  68-inch  octagonal  pilot  chute,  which  Is 
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deployed  by  static  line  attached  to  the  air¬ 
craft. 

2. 9.2. 3  Cotton  duck  deployment  bags  are  used 
for  the  G-11A  parachutes. 

2.10  CANOPY  GROUND  REL  ME  SYSTEM. 

Unless  the  parachute  canopy  is  released  im¬ 
mediately  upon  ground  impact  of  the  load, 


surface  wind  may  cause  the  canopy  to  drag, 
topple,  or  otherwise  damage  tho  cargo.  Fig¬ 
ure  3-2-16  shows  the  release  of  the  canopy 
system  by  electrical  squib  just  as  the  ground 
contact  takes  place.  Both  mechanically  and 
electrically  operated  release  devices  have 
been,  ana  are  being,  developed  for  aerial  de¬ 
livery  parachute  systems.  A  description  of 
these  devices  may  be  found  in  Chapter  VI. 
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Figure  3-2-19.  2 1/2-Ton  Truck  Lowered  with  Stressed  Metal  Type  Platform 
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CHAPTER  ill 
SECTION  3 
STABILIZATION 


3.1  GENERAL. 

Parachutes  offer  certain  definite  advantages 
for  stabilising  free-falling  bodies,  They  pro¬ 
vide  a  relatively  large  stabilizing  force  at  a 
considerable  distance  from  the  center  of  grav¬ 
ity  of  the  object  to  be  stabilised  without  ex¬ 
acting  an  unduo  premium  in  weight  or  bulk, 
They  have  a  particular  advantage  over  fin-type 
stabilized  objects,  which  are  carried  external¬ 
ly  on  an  aircraft,  tn  that  they  do  not  contribute 
to  the  object's  drag  until  after  the  drag  can  m 
longer  affect  the  aircraft's  performance. 

3.2  FUEL  TANK  PARACHUTE 
STABILIZATION. 

3.2.1  CONSIDERATIONS.  The  use  of  external 
droppable  tanks  on  high-performance  aircraft 
necessitate:;  investigation  of  tank  aerodynamic 
characteristics.  The  trond  of  modern  droppablo 
fuel  tank  design  is  toward  an  elongated  cylinder 
with  fore  and  aft  streamlining.  When  mounted 
on  the  wingtip,  its  angle  of  incidence  is  gen¬ 
erally  the  same  as  that,  of  the  wing.  When 
mounted  Inboard  and  under  the  wing,  it  is  gen¬ 
erally  hung  from  streamlined  supports  in  a 
manner  that  produces  about  zero  degrees  angle 
of  attack  at  the  normal  cruising  speed  of  the 
aircraft.  It  has  been  found  advisable  to  sta¬ 
bilize  tanks  mounted  Inboard  of  the  wingtip. 
Any  slight  positive  angle  of  attack  tends  to 
pitch  up  the  nose  of  the  tank  upon  roleaso.  On 
full  tanks,  the  weight  involved  overrides  the 
aerodynamic  lift  and  the  tanks  drop  free  ami 
clear;  on  empty  or  near-empty  tanks,  pitching 
of  the  tank  can  endanger  the  aircraft  structure. 
It  is  possible  to  devise  fins  that  will  stabilize 
the  tank,  but  the  additional  drag  caused  by  the 
fins  wlU  be  high.  Stabilization  by  parachute  has 
proven  satisfactory,  and  the  bulk  and  weight  of 
the  system  is  relatively  small. 

3.2.2  FUEL  TANK  PARACHUTE  STABILIZA¬ 
TION  SYSTEM  REQUIREMENTS. 

a.  Immediate  stability  upon  release  of 
fuel  tank. 


b.  Minimum  bulk  to  decrease  fuel  capac¬ 
ity  penalty. 

c.  Reliable  deployment  system. 

d.  Sufficient  drag  to  insure  release  of 
the  tank. 

a.  Low  opening  shock  or  a  suitable  me¬ 
chanical  arrangement  to  insure  that 
the  tank  will  not  bo  x  i> loosed  uwImTu 
the  parachute  canopy  Is  open  and 
capable  of  producing  the  required  sta¬ 
bilization. 

f.  A  provision  to  drop  full  tanks  (such 
as  at  takeoff)  without  the  parachute 
canopy  imposing  a  considerable  load 
on  the  aircraft  for  an  appreciable 

time  intet  val. 

8,2.9  FUEL  TANK  PARACHUTE  STABILIZA¬ 
TION  SYSTEM  DESIGN.  Fuel  tank  parachute 
stabilization  systems  generally  use  a  portion 
of  the  rear  cone  of  the  drop  tank  as  a  pilot 
chute.  See  Figure  3-3-1.  As  the  forces  on  the 
rear  cone  may  be  negative,  the  cone  must  be 
spring-loaded  for  positive  ejection.  Tho  toll 
cone  section  then  pulls  out  the  main  canopy. 
Hie  present  fuel  tank  parachute  stabilization 
system  used  on  the  B-47  aircraft  utilizes  an 
8-foot  FIST  ribbon  chute  reefed  down  to  7  1/2 
feet  in  diameter  See  Figure  3-2-2.  It  is 
contemplated  that  ring  slot  parachutes  will 
generally  be  used  In  future  Installations. 

3.3  BOMB  PARACHUTE  STABILIZATION. 

3.3.1  GENERAL.  The  use  of  parachutes  for 
bomb,  mine,  or  torpedo  stabilization  permits 
stowage  of  a  greater  payload  within  a  com¬ 
partment  than  would  be  possible  if  the  bombs 
were  fitted  with  fixed  fins  capable  of  pro¬ 
ducing  the  same  stabilizing  effect. 

3.3.2  BOMB  PARACHUTE  STABILIZATION 
SYSTEM  REQUIREMENTS. 

a.  Rapid  stabilization  upon  deployment  of 
the  parachute  canopy. 

b.  Constant  or  predictable  drag  coeffi¬ 
cient  for  accurate  computation  of 
flight  path. 
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ACTS  AS  PILOT  CHUTE 


Figure. 3-3-J  Droppable  Fuel  Tank  Parachute 
Stabilisation  j/  ate  m 

c.  Ability  to  withstand  opening  shock 
without  damaging  distortion  at  highest 
altitude  and  airspeed  anticipated  for 
drop. 

d.  Stability  at  highest  velocity  of  ±2  de¬ 
grees. 

3.3.3  BOMB  PARACHUTE  STABILIZATION 
SYSTEM  DESIGN.  Bomb  parachute  stabiliza¬ 
tion  systems  usually  employ  ribless  or  ribbed 
guide  surface  parachutes.  To  decrease  oscilla¬ 
tion,  the  forces  on  the  canopy  aro  transmitted 
directly  to  the  body  of  the  bomb  by  means  of  a 
geodetic  suspension  system  (see  Figure  3-3-3). 
The  distance  between 

the  bomb  and  the  parachute  skirt  varies  be¬ 
tween  3.5  and  4.0  times  the  diameter  of  the 
bomb  at  its  widest  portion  (generally  at  the 
designed  eg).  The  shorter  distance  is  prefer¬ 
able  for  rigidity  of  the  suspension  system,  but 
the  wake  effect  erf  some  bombs  makes  the 
longer  distance  necessary.  Deployment  of  the 
parachute  is  accomplished  by  static  line.  Since 
bomb  accuracy  is  adversely  affected  by  de¬ 
crease  in  speed,  it  is  desirable  to  use  the 
smallest  parachute  that  will  achieve  the  re¬ 
quired  degree  of  stabilization.  When  a  properly 
designed  adapter  housing  is  used,  the  para¬ 
chute  system  adds  very  little  to  the  overall 
bomb  length.  The  sy^iu.  .  wn  in  Figure 
3-3-4  achieved  a  decrease  in  bomb  length  over 
the  standard  fin  assembly  bomb  erf  better  than 
20  percent  and  weight  savings  of  about  20 
pounds. 


3.4  DROPPABLE  WHEEL  PARACHUTE 
RECOVERY. 

3.4.1  GENERAL.  Installation  of  extra  long 
range  fuel  tanks  or  heavier  than  normal  arma¬ 
ment  may  bring  the  takeoff  weight  of  an  air¬ 
craft  above  the  designed  wheel  loading  of  the 
aircraft.  It  is  therefore  desirable  to  supple¬ 
ment  the  normal  landing  gear  with  additional 
wheels  and  tires  (see  Figure  3-3-5).  This  can 
be  accomplished  by  the  use  of  auxiliary  wheels, 
which  assume  a  portion  of  the  load  during 
take  oil.  Immediately  after  takeoff,  such  wheels 
must  be  dropped  because  of  lack  uf  provision 
for  carrying  them  in  the  retracted  position  and 
also  because  they  will  not  be  necessary  once 
the  fuel  or  armament  is  expended.  Such  wheels 
also  can  permit  takeoffs  from  shmiprepared 
or  light  duty  runways.  Recovery  of  the  wheels 
may  be  accomplished  by  a  small  parachute. 
Tho  parachute  sorves  to  rapidly  decrease  the 
speed  and  distance  the  wheels  travel  after 
drop. 


3.4.2  REQUIREMENTS  FOR  A  DROPPABLE 
WHEEL  PARACHUTE  RECOVERY  SYSTEM. 

ft.  Rapid -opening  canopy. 

b.  Simple  one-parachute  system. 

c.  Positive  deployment  system. 

d.  Provision  on  the  auxiliary  wheel  for 
housing  the  parachute. 

3.4.3  DROPPABLE  WHEEL  PARACHUTE  RE¬ 
COVERY  SYSTEM  DESIGN.  In  this  system,  the 
degree  of  stabilization  is  not  of  primary  con¬ 
cern.  The  octagonal  canopy  shown  in  Figure 
3-3-5  has  proved  quite  adequate.  Accelerated 


Figure  3-3-2.  Parachute  Stabilized  Fuel  Tank 
Dropped  from  a  D-4?  Aircraft 
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8  PANEL  PARACHUTE 

SUSPENSION  LINE  ADJUSTMENT  IS  ACHIEVED  BY  PLACING  ONE 

Disc  in  tic  mcut::  cr  *:::  rtftASiurs  ;3!Miii.A7iN»  rnt 

INFLATED  PARACHUIt)  AND  A  SECOND  DISC  AT  THE  FREE  END 
OF  THE  SUSPENSION  LINES.  THE  LOWER  DISC  MUST  BE  WEIGHTED 
AND  THE  TWO  DISCS  MUST  BE  PARALLEL. 


Figure  3-3-3.  Geodetic  Suspension  System 


opening  should  bo  strived  for,  And  may  be 
achieved  by  canopy  selection  and  use  of  pocket 
bands.  Deployment  should  be  accomplished  by 
use  of  a  simple  static  line  system  from  the 
strut  to  the  droppable  wheel  that  is  designed  to 
break  at  the  strut. 


3.5  EJECTION  SEAT  AND  EMERGENCY  ES¬ 
CAPE  CAPSULE  PARACHUTE  STABI¬ 
LIZATION. 


3.R.I  GENERAL.  Seat  ejection  at  high  subsonic 
and  supersonic  speeds  poses  a  stabilization 
problem.  Aerodynamic  forces  can  cause  such 
abrupt  and  rapid  tumbling  of  the  seat  that 
physical  and  mental  control  may  be  lost.  Many 
avenues  of  research  are  being  taken  to  over¬ 
come  this  problem,  including  aerodynamically 
stabilized  capsules  or  compartments,  para¬ 
chute  stabilized  capsules  or  compartments,  and 
parachute  stabilized  ejection  seats. 


3.B.2  REQUIREMENTS  FOR  EJECTION  SEAT 
AND  EMERGENCY  ESCAPE  CAPSULE  STA¬ 
BILIZATION  BY  PARACHUTE. 


a.  Extremely  rapid  deployment  of  sta¬ 
bilization  parachute  to  avoid  CAnopy 
fouling  on  gyrating  seat  or  capsule. 

b.  Rapid  and  reliable  opening  at  sub¬ 
sonic  and  supersonic  airspeeds. 

c.  Positive  parachute  deployment;  forced 
ejection  to  deploy  parachute  in  an 
area  not  affected  by  the  wake  of  the 
seat  or  capsule. 

d.  Sufficient  drag  to  check  seat  or  cap¬ 
sule  tumbling  before  parachute  system 
is  fouled. 

e.  Manual  control  must  be  possible  for 
any  individual  operation  during  the 
sequence  prior  to  the  deployment  of 
the  recovery  parachute.  If  manual 
control  is  not  used,  automatic  control 
must  take  over. 
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3.5.S  EJECTION  SEAT  AND  EMERGENCY  ES¬ 
CAPE  CAPSULE  PARACHUTE  STABILIZA¬ 
TION  SYSTEM  DESIGN.  Because  deployment 
may  take  place  at  supersonic  airspeeds,  and 
very  rapid  parachute  canopy  opening  charac¬ 
teristics  are  required,  the  canopy  selected 
must  be  able  to  withstand  high  opening  shock. 
However,  the  opening  shock  of  the  canopy  shall 
not  exceed  human  tolerances.  Gravitational 
forces  imposed  upon  the  seat  or  capsule  by  the 
parachute  canopy  shall  not  exceed  20  g  for  a 
period  of  one  second,  and  force  rate  of  onset 
shall  not  exceed  200  g  per  second.  Canopy  de¬ 
ployment  must  be  rapid  ami  positive,  and  must 
be  accomplished  In  an  area  not  biaakotod  by 
the  seat  or  capsule.  Normally,  positive  de¬ 
ployment  requires  forceful  ejection  of  the 
parachute  by  means  of  ejector  guns,  blast  bags, 
or  other  pyrotechnic  systems.  The  bridle  must 
be  designed  for  quick  stabilization  of  the  seat 
or  capsule  without  creating  excessive  snap  or 
overcor/ectlon.  Present  designs  consider  the 
use  of  a  ribless  guide  surface  type  parachute, 
which  Is  automatically  deployed  by  means  of 
ejection  gun  or  other  devices,  to  stabilize  the 
seat  or  capsule.  Recovery  parachutes  for  final 
descent  are  based  on  cargo  type  of  missile 
recovery  parachute  designs.  Projected  ejection 
seat  designs  allow  for  altitude  controlled  sepa¬ 
ration  of  person  and  seat,  while  on  others,  the 
person  remains  in  the  seat  all  the  way  to  the 
surface.  On  the  latter  type,  a  main  recovery 
parachute  must  be  packed  and  carried  on  the 
Beat.  Stabilization  parachute  canopy  designs 
are  basically  identical  to  those  used  for  first 
stage  missile  and  drone  recoveries.  A  sche¬ 
matic  diagram  of  possible  stabilization  para¬ 
chute  system  operation  for  a  pilot  ejection 
neat  Is  shown  in  Figure  3-3-8. 
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Figure  9-3-4.  Parachute  Stabilisation  system 
on  2,  OOO-Pound  GP  Bomb 


Figure  3-3-5 .  F-84G  Aircraft  with  Droppable  Wheels ,  md  Droppable  Wheel 


Figure  3-3-6,  Sequence  of  Operation;  Automatic  Accessories,  Ejection  Seat,  Stabilization 

and  Release 


CHAPTER  III 


SECTION  4 

GUIDED  MISSILE  AND  DRONE  RECOVERY 


4.1  GENERAL. 

In  practically  every  case,  the  recovory  system 
tor  a  guided  missile  or  drone  must  be  in¬ 
dividually  tailored  to  the  particular  missile  or 
drone.  The  problom  of  providing  a  suitable 
recovery  system  for  a  particular  missile  or 
drone  can  be  broken  down  into  three  steps: 
(1)  overall  design  of  the  recovery  system,  (2) 
detailed  design  of  the  individual  stages  and 
components,  and  (3)  fabrication  and  testing  of 
the  resulting  hardware.  The  development  and 
testing  of  parachutes  for  applications  other 
than  human  escape  from  aircraft  has  been 
sponsored  largely  by  the  military  services. 
Theoretical  considerations  and  design  criteria 
in  this  field  are  sufficiently  fluid  to  permit 
the  introduction  of  new  ideas,  designs,  and 
procedures,  provided  they  are  proven  by  test. 
It  Is  recommended  that  recovery  system  de¬ 
signers  maintain  close  liaison  with  govern¬ 
mental  agencies  that  are  responsible  for  de¬ 
sign  development  of  purachutes,  in  order  to 
profit  from  the  latest  experience  in  this  field. 

4.2  OVERALL  DESIGN. 

4.2.1  PRINCIPLES.  The  basic  precept  for  de¬ 
signing  any  recovery  system  is  to  decelerate 
and  lower  the  recoverable  body  from  the  speed 
and  altitude  at  which  It  Is  traveling  prior  to 
recovery  to  a  low  vertical  speed  at  which 
ground  Impact  shall  cause  a  minimum  of  dam¬ 
age. 

The  designer  must  study  the  recovery  system 
and  devise  a  system  complete  with  number  of 
stages,  parachute  types  and  sizes,  parachute 
compartment  location  and  configuration,  de¬ 
ployment  system  and  procedure,  release  and 
control  system,  and  landing  shock-absorbing  or 
flotation,  as  applicable  to  the  type  of  body  to 
be  recovered. 

Before  any  one  stage  or  component  of  a  re¬ 
covery  system  can  be  designed,  it  is  necessary 
for  the  designer  to  give  consideration  to  the 
overall  requirements  and  conditions  imposed 
by  the  missile  design. 


The  final  design  of  a  parachute  recovery  sys¬ 
tem  must  reflect  the  best  possible  compromise 
between  size  of  parachute,  cost,  damage  factor, 
and  decrease  in  performance  of  the  missile 
caused  by  weight  and  bulk,  of  the  recovery 
system. 

The  operational  sequence  for  a  multiple -a*  age 
parachute  recovery  Bystem  is  graphically 
shown  in  Figure  3-4-1. 

Posslblo  approaches  to  recovery  systems  are 
presented  in  Figures  3-4-2  and  3-4-3.  The  sys¬ 
tem  shown  in  Figure  3-4-2  consists  of  a  three - 
stage  parachute  recovory.  Parachutes  are  de¬ 
ployed  rearward  along  a  line  parallel  to  the 
flight  path  of  the  missilo.  The  drag  parachute 
Is  deployed  by  means  of  forced  election.  After 
a  predetermined  decoloration  period,  tho  drag 
parachute  takes  over  the  function  of  an  ex¬ 
traction  parachute,  deploying  the  main  re¬ 
covery  canopy.  Tho  main  canopy,  which  is 
initially  reefed,  will  lnllr.te  fully  after  a  pre¬ 
selected  time  interval.  The  landing  nj>iko  has 
the  purpose  of  absorbli^  ground  imwml  shock 
upon  landing.  The  sya'om  shown  in  Figure 
3-4-3  approaches  the  recovery  problem  dif¬ 
ferently.  In  this  caso,  the  missile,  which  is 
not  equipped  with  a  landing  spike,  has  to  be 
lowered  in  a  horizontal  attitude  in  an  upside- 
down  position,  however,  to  prevent  damage 
to  the  power  plant.  A  drag  parachute,  deployed 
rearward,  decelerates  the  missile  sufficiently 
for  safe  deployment  of  the  main  canopy.  De¬ 
ployment  of  the  main  canopy  can  be  accom¬ 
plished  either  by  utilizing  the  drag  parachute 
for  the  extraction  purpose,  or  by  using  a 
separate  extraction  parachute  canopy.  The 
missile  is  turned  over  during  the  period  of 
main  canopy  inflation.  Landing  3hock-absorbing 
devices  are  deployed  at  the  same  time. 

The  trajectories,  which  are  provided  in  Figure 
3-4  -4,  are  calculated  for  bodies  having  zero 
lift,  and  are  dropped  horizontally  with  the  ini¬ 
tial  velocity  v0.  The  effect  of  the  -drage  area  of 
a  body  having  the  weight  W  (including  para¬ 
chute^))  results  in  an  equilibrium  velocity 
ve  at  an  altitude  with  the  density  p.  The 
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STAGE  I - •4*STAGEn4^STA6Em-4*STAGEtt-^*-— -  STAGES 

ML  DRAG  CHUTEl  LARGER  DRAG  CHUTE  I  LARGE  MAIN  RECOVERY  CHU7£| 


SMALL 

(FULLY  OPEN) 


I  LARGER  DRAG  CHUTE  I 
(REEFED)  HFULLY  OPtNK 


Figure  3-4-1.  Fossibte  Operational  Sequence  for  a  Multiple  Stage  Parachute  Recovery  System 


velocity  decay  versus  time  Is  indicated  in 
dimensionless  form,  whereby  the  initial  or  re¬ 
lease  Velocity  is  l.G  at  the  time  zero.  The 
equilibrium  velocity,  vertical  distance,  and 
trajectory  angle  are  plotted  as  families  of 
curves.  This  graph  can  be  utilized  for  bodies 
where  the  lift  or  thrust  are  close  to  zero  or 
rolatively  small  in  comparison  to  the  drag. 

As  an  aid  for  the  calculation  or  determination 
of  body  deceleration,  parachute  forces,  and 
other  parameters,  charts  showing  the  decel¬ 
eration  of  bodies  with  a  straight  line  flight 
path,  incompressible  dynamic  pressure  as  a 
function  of  Mach  Number  and  altitude,  and 
ratio  of  compressible  to  incompressible  dy¬ 
namic  pressure  versus  Mach  Numer  are  pre¬ 
sented  as  Figures  3-4-5  and  3-4-6.  For  the 
calculation  of  curves  showing  the  deceleration 
of  bodies  with  a  straight  line  flight  path,  the 
drag  of  the  body  proper  is  considered  to  be 
negligibly  small  in  comparison  to  that  of  the 


parachute  canopy.  Curves  have  been  plotted  for 
a  relase  voloclty  v0  =  3000  ft./aec.  for  trajec¬ 
tory  inclination  angles  of  06,  30°,  60a,  and  908, 
and  for  a  number  of  terminal  velocities  ve  be¬ 
tween  200  and  3000  ft. /sec.  It  should  generally 
be  noted  that  altitude  (and  density)  is  kept  out 
of  the  analysis  by  expressing  the  drag  through 
the  terminal  velocity  ve  (in  a  vertical  drop). 

4.2.2  INITIATION.  Recovery  is  normally  ini¬ 
tiated  by  ground  command;  however,  flight  con¬ 
ditions  such  as  engine  failure,  loss  of  control 
signal,  or  loss  of  braking  signal  also  can  be 
used  to  initiate  recovery.  In  most  cases  com¬ 
binations  of  these  reasons  are  used  to  initiate 
recovery.  The  requirements  of  the  particular 
missile  or  drone  specification  applies. 

4.?. 3  RECOVERY  SEQUENCE.  Recovery  nor¬ 
mally  consists  of,  but  is  not  limited  to,  two  or 
more  stages  involving  parachutes  or  other  drag 
devices  to  accomplish  the  deceleration  and 
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Figure  3-4-3.  Functional  Sequence,  Parachute  Recovery  System  11 


d.  Space  available  for  parachute  and 
Impact  reduction  system. 

e.  Location  of  parachute(s),  which  may 
effect  th>»  insulation  required  and 
type(s)  of  deployment,  such  as  (1) 
pilot  chute(s),  (2)  static  line(s),  or 
(3)  blast  bag  or  other  forced  ejection 
equipment. 

f.  Bridle  design,  which  takes  in  (1) 
desirable  angle  for  missile  support, 

(2)  center  of  gravity  of  missile  at 
time  of  deployment  '\nd  descent,  and 

(3)  force  limitations  of  vehicle  at 
load  connections. 

g.  Maximum  g  tolerances  of  vehicle 
and  direction  of  g*s. 

h.  Desirable  stability  and  angle  of 
descent  at  final  impact. 

i.  Shock  reduction  system  to  be  used 
for  final  impact. 

j.  Geographical  or  physiographic al 

area  in  which  vehicle  is  expected  to 
operate. 

k.  Weight  of  vehicle  at  anticipated  re¬ 
covery  time. 


1.  Position  of  first-stage  chute  at  in¬ 
flation,  such  as  (J)  motor  blast  ef¬ 
fect  —  heat  and  pressure,  and  (2) 
wake  effect. 

4. 2. 4. 2  Maximum  Deceleration.  This  valuo  is 
required  to  determine  the  number  of  stages 
required,  the  parachute  sizes,  and  the  timing 
of  the  recovery  sequence.  In  the  majority  of 
cases,  the  deceleration  forces  developed  at 
ground  impact  exceed  the  parachute -opening 
forces,  unless  special  provisions  are  made  to 
reduce  these  landing  forces.  Not  only  must 
the  limit  of  the  missile  structure  be  con¬ 
sidered  in  determining  this  value,  but  also 
the  powerpiant,  the  instruments,  the  control 
system,  and  other  accessories. 

4.2.4. 3  Parachute  Compartment  Reliable  re¬ 
covery  operations  depend  upon  a  minimum  of 
interference  with  the  parachute  during  the  de¬ 
ployment  procedure.  The  pack  may  be  fabri¬ 
cated  metal,  but  it  must  meet  the  requirements 
for  packs  mentioned  in  Chapter  2.  There  should 
be  no  projections  or  sharp  edges  in  the  way  of 
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EXAMPLE 


V0»  ISOO  FT/S 
t*  8  SEC 
W»  2000  LBS 
C0S'20FT* 

y  29,000  FT<f  *,00108  SLUO/FT* 
434  FT/S 


Vv-*3'46 

iv71 

RESULT 

«.390iV«929FT/9 


y^'oni  t*ttoft 

••  18* 


(FT/SfVELOCITY  AT  TIME  MSEC) 
FTF.R  RELEASE 
vfe(Fr/9)  initial  velocity 

H|(FT/9)^|t!:s  EQWLI8R.VEL 
*  WU.B9)  TOTAL  WEIGHT 

/S’o  9(6luq/ft’)  aver,  air  density 

Cj,S(PT*I  OR  AO  AREA 
fllFT/i*)  ACCELERATION  BY 

GRAVITYIS2.I7I 

y(FT)  VERTICAL  DISTANCE  FROM 
RELEASE  POIN  T. 

t(SEC)  TIME  FROM  RELEASE 

NOTE-  ALL  VELOCITIES  ARE 
TRUE  AIR  NPEED 


EQOIL  SPEED 


Figure  3-4-4.  Ballistic  Trajectories  with  Horizontal  Initial  Velocity 


the  deploying  parachute.  In  general,  the  motion 
of  the  deploying  parachute  'will  be  straight  alt 
in  relation  to  the  flight  path  of  the  body.  The 
best  location  for  tho  parachute  compartment 
is,  therefore,  in  the  extreme  tall  of  the  missile 
or  drone.  In  many  cases,  however,  the  tem¬ 
perature  o I  this  location  is  excessive,  because 
of  its  proximity  to  the  power  plant.  In  such 
cases,  the  possibility  of  insulating  and/or  cool¬ 
ing  the  compartment  must  be  considered.  If 
this  is  not  practical,  the  compartment  must  be 
located  in  an  area  where  excessive  heat  will 
not  be  encountered.  However,  tho  farther  aft 
it  is  in  the  body,  the  better.  It  must  be  located 
so  that  the  normal  deployment  path  passes 
between  such  protrusions  as  tail  surfaces.  If 
possible,  the  aft  wall  of  the  compartment 
should  have  a  considerable  slope  in  order  to 
aid  in  extracting  the  packed  parachute.  The 
outer  edges  cf  the  compartment  should  be 
rounded,  so  that  nothing  can  snag  or  tear  the 
bag  in  which  the  parachute  canopy  is  packed. 
In  cases  where  the  missile  is  normally  ex- 
pected  to  be  In  a  tumbling  condition  at  the  time 
of  deployment,  the  aft  position  will  not  neces¬ 
sarily  be  the  best.  The  parachute  compartment 


will  then  have  to  be  designed  for  such  special 
deployment  method  as  is  necessary. 

4.Z.4.4  Stability  of  Body  Prior  to  Recovery. 
As  previously  mentioned,  consideration  must 
be  given  to  the  stability  or  the  missile,  drone, 
or  portion  thereof,  Just  prior  to  the  initiation 
of  recovery.  The  recovery  problem  is  greatly 
simplified  in  cases  where  control  is  exercised 
over  the  body  up  to  the  time  the  first  para¬ 
chute  canopy  is  deployed.  The  recovery  sys¬ 
tem,  however,  should  be  designed  on  the 
premise  that  this  is  not  possible.  Therefore, 
in  order  to  provide  reliable  deployment,  it  is 
very  important  to  know  the  approximate  atti¬ 
tude  of  the  recoverable  body  with  respect  to 
its  flight  path. 

4. 2.4. 5  Deployment.  This  process  must  be  or¬ 
derly  and,  insofar  as  possible,  there  should  be 
no  slack  in  the  connecting  lines  between  the 
parachute  canopy  and  the  body  being  re¬ 
covered.  Consideration  must  be  given  to  the 
deployment  of  the  first-stage  parachute  or 
pilot  chute  by  some  forceful  means,  such  as 
a  mortar  or  gun,  to  ensure  the  reliability  of 
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TOtH  At  (SECONDS! 

Figure  3-4-5.  Deceleration  of  Bodies  with  Straight  Line  Flight  path  fskeei  1  of4i 
( Trajectory  taclmatum  Angle  y  =  0°) 


TIME  At  (SECONDS) 

Figure  3-4-5.  Deceleration  of  Bodies  via  Straight  Lmn  Flight  Path  (sheet  2  of  41 
(Trajectory  fnclisatum  Angle  y=30°) 


TIME  At  (SECONDS) 

Figure  3-4-5.  Deceleration  of  Bodies  with  Straight  Line  Flight  Path  (sheet  3  of  4) 
(Trajectory  IttcLmctioa  Angle  y  *  60°) 
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Figure  3-4-6,  Incompressible  Dynamic  Pressure  as  a  Function  of  Mach  Number  and  Altitude 
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parachute  action  during  this  critical  period. 
In  addition,  consideration  must  be  given  to 
possible  detrimental  effects  on  the  deployed 
parachute  from  afterburners  or  rocket  heat. 
Provision  must  be  made  to  minimise  or  eli¬ 
minate  this  condition. 

A  parachute  deployment  sequence  for  first 
stage  or  second  stage  application  is  sche¬ 
matically  shown  in  Figure  3-4-7.  lu  this  sys¬ 
tem,  both  a  gun-ejudcd  pilot  parachute  and 
a  blast  bag  aid  the  orderly  deployment  of  the 
parachute.  The  use  of  a  pilot  parachute  Is 
considered  mandatory  for  the  deployment  se¬ 
quence.  It  tends  to  keep  the  deployiiig  system 
along  a  line  parallel  to  the  flight  path,  as¬ 
sures  orderly  deployment,  and  eliminates  ex 
cesaive  parachute  canopy  snatch  and  opening 
forces. 

4. 2.4.6  Forced  Ejection.  In  cases  where  para¬ 
chutes  have  to  be  deployed  along  a  trajectory 
vertical  to  the  flight  path  of  the  missile,  the 
necessity  for  forced  ejection  of  the  parachute 
can  readily  be  seen.  In  many  Instances  of 
parachute-retarded  missiles,  the  parachute, 
or  some  part  of  the  recovery  system,  is 
expelled  rearward  into  the  wake  of  the  missile. 
The  wake  effect  tends  to  keep  the  expelled 
parachute  component  with  the  missile.  For 
this  reason,  proper  parachute  deployment  is 
always  an  important  design  consideration  for 
any  or  all  otages  of  a  missile  recovery  system. 
Figure  3-4-8  shows  the  relationship  uf  para¬ 
chute  pack  ejection  velocity  v^,  parachute 

pack  weight  W,  and  missile  velocity  Vy,  These 
curve  calculations,  based  upun  a  study  con¬ 
ducted  by  S.  F.  Hoerner  ("Aero-Dynamic  Drag" 
by  S.  F.  Hoerner,  Figure  7.1,  Chapter  VH), 


assume  that  the  diameter  of  the  ejected  para¬ 
chute  pack  is  equal  to  that  of  the  missile  body. 
The  diameter  assumed  for  these  c ejaculations 
is  il.Q  inches. 

4.2.5  PARACHUTE  COMPONENTS. 

4.2.5. 1  Deceleration  —  Stage  Parachute  Cano¬ 
pies.  Generally,  one  of  the  following  parachute 
canopies  will  be  used  in  initial  deceleration 
stages; 

a.  FIST  ribbon  parachute  canopy  in  ac¬ 
cordance  with  Specification  MIL-P- 
6635. 

b.  Ribless  guide  surface  parachute  can¬ 
opy. 

c.  Ring  slot  parachute  canopy  in  accord¬ 
ance  with  Specification  M1L-C-D401. 

d.  Rot  doll  parachute  canopy. 

Performance  characteristics  for  these  canopy 
types  at  subsonic  deployment  speeds  are  shown 
in  Figure  3-3-7.  typical  performance  diagrams 
are  presented  in  Figure  3-4»0. 

FIST  ribbon  and  ribless  guide  Burfoce  canopies 
have  been  tested  in  the  low  supersonic  de¬ 
ployment  speed  range.  Comparative  data  for 
these  two  types  of  parachute  canopy  are  pre¬ 
sented  in  Figure  3-4-10. 

4.2. 5.2  Final-Stage  Parachute  Canopies.  Gen¬ 
erally,  the  parachute  selected  for  final  stage 
will  be  one,  or  a  cluster  of  the  follow¬ 

ing: 

a.  Extended  skirt  parachute  canopy. 

b.  Solid  flat  circular  parachute  canopy 
(generally  used  In  clusters  of  three 
or  more  to  achieve  the  desired  sta¬ 
bility). 
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Figure  3-4-7.  Parachute  Deployment  Sequence 
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Figure  3-4-8.  Relationship  Between  Parachute  Ejection  Velocity 
Parachute  Weight,  and  Missile  Velocity 
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Figure  3-4-9.  Performance  Diagrams  for  First-Stage  Missile  Recovery  Parachute 
Canopies  (Subsonic  Deployment  Speeds ) 
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RIBLESS  GUIDE  SURFACE  CANOPY 


WADC  TR  55-265 


3-4-14 


Figure  3-4-11.  Typical  Application  of  First 
Stage  Parachute  Canopy  Guide  Surface  Type 

c.  Ring  slot  parachute  canopy  in  ac¬ 
cordance  with  Specification  MIL-P- 
9401. 

d.  FIST  ribbon  parachute  canopy  in  ac¬ 
cordance  with  Specification  MIL-P- 
8635. 

4.2. 6.3  Reefing.  &klrt  reefing  can  be  used  to 
obtain  reduction  of  the  drag  area  when  de¬ 
sired.  Because  at  a  maximum  speed  limita¬ 
tion  of  approximately  495  knots,  reefing  gen¬ 
erally  cannot  be  used  for  first  stage  recovery. 
Reefing  rings,  In  accordance  with  Air  Force 
Drawing  48A76B5,  will  generally  be  attached 
to  each  radial  seam  of  the  skirt.  A  suitable 
reefing  line  must  be  threaded  through  these 
rings  to  restrict  the  opening  of  the  parachute 
canopy.  Disrooting  is  accomplished  by  cutting 
the  reefing  line.  For  final-stage  parachutes, 
the  type  M-2  cutter  conforming  to  Specification 
MIL-C-10362  is  available  with  time  delays  of 
2,  4,  6,  8,  and  10  seconds. 

4. 2. 5.4  Risers  and  Bridles.  At  the  present 
time,  it  is  recommended  that  the  webbing  used 
for  risers  and  bridles  conform  to  Specif teatton 
MIL -W -4 08 8,  except  where  such  risers  and 
bridles  are  formed  by  bundling  the  extra- long 
suspension  lines  attached  to  the  canopy. 

4.2.6  DEPLOYMENT  SUBSYSTEMS. 

4 .2.6.1  Deployment  Bags.  The  parachutes  used 
for  the  various  stages  of  recovery  must  be 
packed  in  suitably  designed  deployment  bags, 
including  the  first-stage  parachute.  The  bags 
must  be  designed  not  wily  for  ordinary  deploy¬ 
ment  and  lowering  of  snatch  force  and  opening 


shock,  but  also  to  afford  protection  of  the  para¬ 
chute  during  ground  handling  and  extraction 
from  the  compartment  during  deployment.  The 
bag  must  be  made  of  a  suitable  material,  with 
necessary  reinforcements,  and  a  set  of  internal 
flaps  so  designed  that  the  canopy  will  be  re¬ 
tained  in  the  bag  until  the  suspension  lines  are 
stretched. 

4.2.6. 2  Forced  Ejection.  A  forced  ejection  de¬ 
ployment  system  must  be  designed  to  accel¬ 
erate  the  parachute  sufficiently  to  assure  de¬ 
ployment.  Excessive  rearward  acceleration, 
however,  may  cause  an  Increase  In  shock 
forces.  (See  Figure  3-4-8  for  the  relationship 
between  parachule  ejection  velocity,  parachute 
weight,  and  missile  velocity.)  . 

4.2. 6.9  Pilot  Parachute.  Upon  release  of  the 
recovery-system  compartment  cover,  a  pilot 
chute  Bhould  be  used  to  deploy  the  first-stage 
parachute.  The  design  and  placement  of  this 
pilot  chute  must  be  such  that  It  will  quickly 
inflate  in  the  alrstream  and  will  not  be  blan¬ 
keted  by  the  parachute  compartmost  cover  or 
other  parts  of  the  recoverable  body.  A  pilot 
chute  should  not  be  deployed  while  another 
parachute  ta  functioning;  entanglement  of  the 
pilot  chute  In  the  lines  of  the  Inflated  parachute 
may  prevent  deployment  of  the  next-stage 
parachute. 


4.2.7  RELEASE  AND  CONTROLS  SUBSYS¬ 
TEMS. 


4.2.7. 1  Compartment  Door  Release.  The  open¬ 
ing  of  the  parachute  compartment  door,  or  re¬ 
lease  of  the  whole  door,  at  high  aircraft 
speeds,  1b  essential  in  a  successful  missile 
or  drone  recovery  operation.  The  problem  is 
usually  not  as  simple  as  it  appears.  The  un¬ 
latching  mechanism  must  function  reliably  un¬ 
der  various  environmental  extremes,  such  as 
low  temperature  (-65°F.),  high  altitude,  accel¬ 
eration,  and  vibration.  The  mechanism  must 
not  have  an  adverse  effect  on  the  performance 
of  the  missile,  for  example,  by  adding  addi¬ 
tional  drag.  Generally,  the  space  allotted  inside 
the  vehicle  for  such  a  'device  is  small.  One 
type  of  device  that  has  been  used  successfully 
is  Pie  explosive  bolt.  Explosive  bolts  are  being 
designed  for  many  applications. 

4. 2. 7.2  Controls.  The  functioning  at  the  re¬ 
covery  system  must  be  controlled  by  time, 
altitude,  or  pressure,  or  a  combination  of 
these,  arranged  in  order  to  deploy  the  various 
parachutes  as  desired.  These  devices  may 
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Figure  3-4-12.  66-Ft.  Nominal  Diameter  14.3 
Percent  Fully  Extended  Skirt  Canopy 
Lowering  a  Drone  (Final  Stage  Recovery) 

perform  their  function  either  by  direct  me¬ 
chanical  linkage  or  through  electrical  circuits. 
Where  electrical  circuits  are  utilized,  two 
independent  parallel-circuits,  complete  with 
timers  or  other  controls  and  batteries,  must 
be  provided.  They  must  be  so  arranged  that 
the  failure  of  one  circuit  will  not  prevent  the 
proper  functioning  of  the  recovery  system  as 
a  whole. 

4.2. 7.3  Sequencing.  Sequencing  is  usually  ac¬ 
complished  by  means  of  timers  started  with 
tlxe  initiation  of  recovery'.  Mechanical,  elec¬ 
trical,  or  pyrotechnical  (powder  train)  timers 
may  be  used  if  they  are  adaptable  to  the  sys¬ 
tem,  and  provided  that  they  meet  the  environ¬ 
mental  requirements  of  the  recoverable  body. 


Altitude  or  ram  pressure  switches,  or  both, 
may  be  used  for  sequencing  the  operation  of 
the  recovery  system,  provided  that  a  safety 
timer  system  is  also  incorporated.  A  suitable 
altitude  control  must  be  placed  in  series  with 
the  release  system  on  the  final  recovery  stage 
so  that  this  stage,  will  not  be  actuated  higher 
than  IS, 000  feet  above  mean  sea  level.  ThlB 
will  prevent  the  large  final-stage  parachute 
from  opening  at  altitudes  where  opening  shock 
may  become  excessive,  and  will  also  prevent 
excessive  horlsontal  drift  of  the  recoverable 
body  while  it  is  descending  on  the  parachute. 

4.3.7. 4  Canopy  Disconnect.  All  canopy  dis¬ 
connects  must  be  mechanical,  and  they  must 
be  actuated  either  by  springs  or  by  pyrotechnic 
devices.  A  suitable  device  must  bo  incorpo¬ 
rated  ior  releasing  the  flnal-stago  parachute 
canopy  from  the  recoverable  body  after  ground 
or  water  impact  to  prevent  the  final-stage 
paraehuto  canopy  from  dragging  the  missile 
ovbt  the  ground  as  a  result  of  surface  winds. 

4. 2.7.4. 1  Pyrotechnic  Devices.  The  use  c 4 
pyrotechnics  for  powering  releases,  explosive 
bolts,  and  other  devices  is  acceptable,  pro¬ 
vided  that  two  independent  powder  charges  are 
used,  either  one  of  which  will  accomplish  the 
action.  In  Buch  devices,  Individual  powder 
charges  are  Ignited  either  by  an  electrical 
igniter  or  by  a  percussion  cap. 

4.2.8  LANDING  SHOCK-ABSORBING  COMPO¬ 
NENTS. 

4.2.8. 1  Types.  In  order  to  permit  a  higher 
rate  of  descent  with  the  final-stage  parachute, 
thus  reducing  to  a  great  extent  the  weight  and 
volume  of  the  entire  system,  the  use  of  landing 
deceleration  devices  must  be  considered. 
These  may  be  penetration  spikes,  air  bags, 
or  crushable  portions  of  the  recoverable  body 
itself,  such  as  ventral  fins. 

4.2. 8. 2  Penetration  Spike.  This  spike  generally 
is  located  on  the  nose  of  the  missile.  It  must 
be  of  sufficient  strength  to  support  the  weight 
of  the  recoverable  body  without  breaking.  Con¬ 
sideration  must  be  given  to  the  horizontal 
forces  resulting  from  oscillation  of  the  para¬ 
chute  canopy,  and  drift  caused  by  ground  winds 
at  landing. 

4.2.8. 3  Landing  Bag.  The  cushion  configuration 
that  has  been  the  most  satisfactory  to  date 
consists  oi  inflatable  pneumatic  bags  stowed 
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la  underside  recesses  of  the  vehicle  during 
flight.  The  bags  are  inflated  from  hlgh- 
prcssure  nitrogen  or  dry-air  cylinders  stored 
within  the  vehicle  prior  to  ground  contact.  The 
design  of  a  landing  device  of  this  nature  must 
allow  for  the  following  considerations: 

a.  Maximum  allowable  forces  based  on 
the  structural  limitations  of  the 
vehicle. 

b.  Minimum  dimensions  of  bag  (stroke) 
baaed  on  the  allowable  overall  struc¬ 
tural  load  factors  of  the  vehicle,  the 
sinking  velocity  on  the  parachute 
canopy,  and  an  assumed  stroke  effi¬ 
ciency. 

c.  Maximum  working  pressure  based  on 


the  fabric  strength  and  the  diameter 
arrived  at  in  b. 

d.  One  or  several  orifices  or  metering 
devices  to  bleed  off  the  pressure 
during  the  compression  stroke  in 
order  to  prevent  the  storage  erf  ki¬ 
netic  energy  in  the  compressed  air, 
with  subsequent  return  to  the  vehicle 
in  the  form  of  bounce. 

4.2. 8. 4  Flotation  Components.  Flotation  sys¬ 
tems  must  be  capable  of  floating  the  recov¬ 
erable  body  for  a  period  of  one  hour.  This  can 
be  accomplished  either  by  Beallng  compart¬ 
ments  In  the  body  or  by  providing  separate, 
inflatable  flotation  equipment. 
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CHAPTER  ill 
SECTION  5 

AIRCRAFT  DECELERATION 


5.1  OENERAL. 

9.1.1  EARLY  HISTORY.  The  landing  decelera¬ 
tion  of  aircraft  by  parachute  Is  one  of  the  latest 
and  most  important  applications  In  the  para¬ 
chute  field.  The  first  known  test  using  a  para¬ 
chute  as  a  landing  brake  was  made  in  1823  at 
McCook  Field,  Dayton,  Ohio.  A  standard  man- 
carrying  parachute  was  used  to  reduce  the 
landing  roll  of  a  de  H  twill  and  biplane.  Around 
1933,  systematic  Investigations  were  conducted 
at  the  Aeronautical  Institute  in  Stuttgart,  Ger¬ 
many,  for  the  purpose  of  improving  existing 
parachutes  or  developing  a  parachute  which 
iiad  better  aerodynamic  and  static  qualities. 
During  the  development  of  a  parachute  featur¬ 
ing  annular  slots  and  of  parachutes  made  from 
porous  materials,  the  "ribbon"  parachute  was 
developed.  Early  in  1939,  a  Junkers  W-a4  air¬ 
plane  mode  the  first  landing  using  this  para¬ 
chute  as  a  landing  broke.  This  and  following 
tests  proved,  that  the  parachuto  la  Qtable, 
opens  slowly  and  uniformly,  produces  a  mini¬ 
mum  opening  shock,  does  not  Interfere  with 
the  controllability  of  the  airplane,  and  Is  a 
good  supplement  for  wheel  brakes. 

5.1.2  JET  APPLICATIONS.  The  most  Impor¬ 
tant  use  for  deceleration  parachutes,  and  with 
It  a  requirement,  came  with  the  development 
of  high-speed  jet  aircraft.  High  aircraft  wing 
leadings  resulted  In  high  landing  speeds  and 
long  landing  rolls,  and  a  means  had  to  be 
developed  to  reduce  the  landing  roll.  The 
answer  to  this  problem  was  the  parachute. 
The  Equipment  Laboratory  of  the  Air  Research 
and  Development  Command's  Wright  Air  De¬ 
velopment  Center,  using  basic  information  ob¬ 
tained  from  the  German  tests,  has  continued 
research  and  development  in  the  field  of  para¬ 
chutes  for  aircraft  deceleration  application. 
Many  improvements  have  been  made  over  orig¬ 
inal  designs  and  various  types  of  aircraft  have 
been  equipped  with  parachutes.  The  B-47  jet 
bomber  is  a  good  example  of  the  efficient  and 
useful  operation  of  the  parachute  as  an  aux¬ 
iliary  device  for  decreasing  landing  roll.  In 
this  application,  the  landing  roll  of  the  B-47  is 
decreased  35  to  45  percent,  There  are  two 


types  erf  deceleration  parachutes;  one  is  used 
for  aircraft  landing  deceleration  and  the  othor 
for  aircraft  In-flight  control.  An  aircraft  land¬ 
ing  deceleration  parachute  (drag  parachute)  is 
a  specially  designed  drag-producing  device 
that  is  used  to  reduce  tho  landing  roll  of  jet 
type  aircraft.  The  aircraft  in-flight  control 
parachute  (approach  parachute)  .(a  Junt  what 
the  name  implies.  It  is  a  parachute  that  is 
deployed  prior  to  landing  to  produce  added 
drag,  which  in  turn  allows  a  steeper  approach 
angle  and  more  engine  power  to  be  maintained. 
The  advantage  is  that  safer  and  more  accurate 
landings  can  be  executed.  General  require¬ 
ment  for  aircraft  deceleration  parachute  sys¬ 
tems  are  described  in  the  Specification  MIL- 
D-9030. 


5.2  AIRCRAFT  LANDING-DECELERATION 
PARACHUTE  (DRAG  PARACHUTE). 

6.2.1  GENERAL.  Drag  parachutes  are  being 
used  to  decelerate  aircraft  during  landing  roll. 
They  have  provod  successful  for  a  number  of 
conditions  under  which  the  aircraft  brakes,  al¬ 
though  functioning  properly,  would  normally  be 
Inadequate.  The  drag  parachute  has  proven  to 
be  a  big  asset  because  It  produces  the  highest 
deceleration  force  at  the  touchdown  speed  of 
the  aircraft,  where  the  brakes  are  relatively 
Inefficient.  During  ipnriinpe  on  ley  or  wet  run¬ 
ways,  a  large  percentage  of  the  braking  is 
accomplished  by  the  deceleration  parachute. 

There  are  other  advantages  besides  a  reduc¬ 
tion  in  landing  roll  obtainable  with  the  utiliza¬ 
tion  of  a  drag  parachute.  One  major  advantage 
is  the  increased  flight  safety  under  emergency 
conditions  such  as  during  landings  with  Inop¬ 
erative  brakes,  during  aborted  takeoffs,  and 
during  emergency  landings  on  short  runways. 
Under  certain  emergency  conditions,  it  is  even 
conceivable  that  the  parachute  could  be  used 
for  rapid  descent.  Moreover,  a  monetary  sav¬ 
ings  in  tires  and  brakes  is  quite  apparent. 
Using  the  parachute  and  the  normal  applica¬ 
tions  of  brakes,  the  number  erf  uses  per  tire 
can  be  increased  five  or  six  times  over  that 
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obtainable  when  landing  regularly  without  para¬ 
chute.  No  exact  figures  relating  to  the  actual 
savings  on  Drake*  ai  e  available;  however.  It  is 
known  that  orake  maintenance  and  replacement 
are  considerably  reduced  when  the  drag  para¬ 
chute  is  used. 

5.2.2  OPERATIONAL  SEQUENCE.  In  opera¬ 
tion,  the  pilot  makes  a  normal  approach  and 
landing.  At  touchdown,  or  very  shortly  there¬ 
after,  the  drag  parachute  is  deployed  (Figure 
3-3-1)  by  movement  of  a  control  handle  In  the 
cockpit.  Brakes  may  or  may  not,  as  the  op¬ 
erational  condition*  prescribe,  be  used  to  sup¬ 
plement  deceleration.  In  normal  operation,  the 
aircraft  is  permitted  to  continue  rolling  to  the 
turnoff  Intersection  at  a  speed  sufficient  to 
keep  the  parachute  canopy  inflated.  This  speed, 
with  a  modorato  intowlnJ  condition,  Is  usually 
below  the  maximum  safe  turnoff  speed  of  the 
aircraft.  If  tho  canopy  will  not  stay  Inflated, 
the  pilot  may  apply  brakes  and  maintain  in¬ 
flation  of  the  canopy  by  Increasing  the  engine 
thrust.  After  turnuff,  the  pilot  maintains  canopy 
inflation  until  he  reaches  a  designated  para¬ 
chute  release  point.  The  parachuto  is  released, 
and  then  is  retrieved  by  designated  personnel, 


The  parachute  should  never  be  released  on  the 
runway  or  on  the  taxiway,  where  it  might 
jeopardize  other  aircraft.  Drag  parachutes  are 
used  (or  the  deceleration  cf  fighter  and  bomber 
type  aircraft.  The  relationship  between  landing 
roll  and  parachute  canopy  diameter  for  various 
H  factors  is  shown  for  a  medium  bomber  type 
aircraft  in  Figure  3-5-2. 

5.2,3  OVERALL  DESIGN.  The  design  of  any 
drag  parachute  system  must  meet  these  condi¬ 
tions: 

a.  High  degree  of  reliability. 

b.  High  degree  of  canopy  stability  (os¬ 
cillation  not  more  than  *  5  degrees). 

c.  Adequate  strength, 

d.  Low  opening  force  of  caftopy. 

e.  High  canopy  drag. 

f.  Light  weight. 

g.  Small  bulk. 

h.  Not  affected  by  environmental  condi¬ 
tions. 

1.  Kane  of  maintenance, 
j.  Low  cost. 

During  parachute  deployment  and  steady  drag, 
the  aircraft  must  remain  under  full  control  of 


Figure  3-5-1.  B-52  Aircraft  with  44-Foot-Diameter  Deceleration  Parachute 
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lliti  pilot  at  nil  times.  The  parachute  must  not 
interfere  with  the  normal  landing  attitude  of 
the  aircraft.  It  must  not  affect  the  longitudinal 
control  cf  the  aircraft.  Provision  must  be  made 
for  immediate  release  of  the  parachute  in  case 
of  emergency.  Thero  must  be  no  possibility  of 
contact  between  the  deploying  or  Inflated  para¬ 
chute  and  the  control  surfaces  or  any  other 
part  of  the  aircraft. 

5.2.4  DESIGN  CONSIDERATIONS. 

5.2.4. 1  Drag  Requirement.  The  drag  require¬ 
ment  is  generally  determined  by  the  weapons 
system  manufacturer.  The  parachute  system 
must  be  considered  as  supplementary  to  the 
available  deceleration  components  with  which 
the  aircraft  is  equipped,  such  as  flaps  and 
brakes. 

5.2  4.2  Canopy  Selection.  Both  the  ring  slot 
and  the  FIST  ribbon  canopies  have  been  found 
suitable  for  drag  parachute  application.  Com¬ 
parative  force  versus  time  diagrams  for  both 


types  of  canopies  during  operation  on  a  medium 
bomber  type  aircraft  are  shown  in  Figuro 
3-5-3.  The  ring  slot  canopy  1b  preferred  for 
deceleration  application  because  of  its  lower 
cost  and  ease  of  production  and  maintenance. 

5.2.4. 3  Size  of  Canopy.  The  size  of  the  canopy 
will  be  determined  by  the  drag  requirement. 
Wake  effects  behind  the  aircraft  tend  to  de¬ 
crease  the  drag  coefficient,  Cd0,  which  may 

make  it  necessary  to  use  a  larger  parachute 
canopy  than  would  be  required  for  other  appli¬ 
cations.  Longer  risers  tend  to  reduce  wake 
losses,  but  they  increase  the  bulk  and  weight 
of  the  system  and  may  contribute  to  the  drag¬ 
ging  of  the  canopy  on  the  runway  during  de¬ 
ployment.  The  drag  coefficient  Cqq  with  regard 

to  constructed  canopy  area  for  the  FIST  ribbon 
and  ring  slot  canopies  ranges  from  0.5  to  0.6, 
depending  upon  the  air  flow  behind  Mrcraft. 
For  design  purposes,  a  drag  coeUim  >d0  of 

0.55  for  ring  slot  canopies  and  0.7  for  FIST 
ribbon  canopies  is  generally  used. 
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Figure  3-5-3.  Force  Versus  Time  Diagrams  for  Aircraft  Deceleration  Parachute  Canopies 

(Application  B-4?  Aircraft) 


5. 2.4.4  Riser  and  Suspension  Line  Length. 
Long  risers  tend  to  reduce  wake  effects  behind 
the  aircraft  upon  the  parachute  canopy.  Prac¬ 
tical  experience,  however,  has  Indicated  that 
the  riser  length  should  be  kept  to  from  1.0 
to  1.5  times  the  constructed  (flat)  diameter 
(D)  of  the  canopy.  Length  of  suspension  lines 
should  be  1.0  times  the  constructed  (flat) 
diameter  (D)  at  the  canopy.  The  most  important 
consideration  in  determining  riser  length  is  the 
proper  location  of  the  force  line  of  the  para¬ 
chute  canopy  with  rasped  to  the  aircraft.  The 
force  line  of  the  canopy  should  coincide  with 
the  line  projected  from  the  center  of  gravity 
of  the  aircraft  through  the  parachute  attach¬ 
ment  point.  When  this  is  not  the  case,  the 
drag  force  tends  to  raise  or  lower  the  nose 
of  the  airplane,  depending  on  whether  the 


canopy  force  line,  when  extended,  goes  above 
or  below  the  aircraft  center  of  gravity.  Such  a 
condition  can  have  serious  consequences  II  the 
parachute  is  deployed  while  the  airplane  still 
has  flying  speed.  Even  at  lower  speeds  It  can 
cause  damage  to  the  nose  gear  by  exerting  ex¬ 
cessive  pressure. 

5. 2. 4. 5  Parachute  Compartment  Location.  The 
best  location  for  the  parachute  compartment 
is  at  the  very  end  or  top  of  the  fuselage,  aft 
of  the  empennage.  Such  a  location  is  not  always 
possible,  because  of  space  limitations,  heat 
problems,  or  interference  with  installed  equip¬ 
ment.  The  location  of  tho  parachute  attachment 
point  may  also  have  some  bearing  on  compart¬ 
ment  location.  In  some  instances,  it  is  not 
possible  to  have  the  parachute  attachment  point 
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within  the  compartment  because  the  parachute 
canopy  force  line  must  pass  through  the  center 
of  gravity  of  the  airplane.  Parachute  compart¬ 
ment  locations  at  the  bottom  of  the  fuselage 
are  particularly  undesirable  because  the  de¬ 
ployment  bag  or  canopy  might  drag  on  the  run¬ 
way  surface  during  the  deployment  process. 
Parachute  compartment  Interiors  must  be 
smooth,  with  no  protrusions  or  sharp  edges 
that  might  catch  or  damage  any  portion  of  the 
parachute.  The  compartment  should  not  be 
located  in  any  section  where  battery  acid  or 
battery  acid  fumes  can  penetrate.  Tho  tem¬ 
perature  in  the  compartment  shall  at  no  time 
exceed  230°  F.  for  nylon  parachutes  and  380°  F. 
for  dacron  parachutes. 

B.2.4.9  Deployment.  To  obtain  a  uniform  and 
trouble-free  deployment  of  the  parachute,  care 
must  bo  taken  In  tho  design  of  a  suitable 
deployment  system.  In  general,  the  canopy  is 
packed  in  a  deployment  bag,  which  will  protect 
the  parachute  during  ground  handling  and  ex¬ 
tractions  and  will  enable  the  using  organisa¬ 
tions  to  pack  the  parachutes  in  Advance,  A 
pilot  chute  Is  attached  to  the  bag  and  stowed 
on  or  against  the  bag  when  the  compartment 
door  la  closed.  Initiation  of  parachute  deploy¬ 
ment  is  accomplished  by  the  pilot.  Upon  open¬ 
ing  of  the  compartment  door,  the  pilot  chute 
Is  .’released.  The  fully  Inflated  pilot  chute  pulls 
the  bag  out  of  the  compartment  and  deploys  the 
canopy.  In  the  deployed  position,  the  compo¬ 
nents  of  the  drag  parachute  appear  as  in 


Figure  3-S-4.  Deployment  bag  and  pilot  chute 
are  connected  permanently  to  the  vent  lines  of 
the  canopy  by  means  of  bridle  lines.  The  best 
and  most  reliable  sequence  of  deployment  of 
the  canopy  from  the  deployment  bag  Is  riser 
first,  then  the  suspension  lines,  and  finally  the 
canopy.  Each  component  is  stored  in  a  separate 
section  of  the  bag.  If  the  parachute  compart¬ 
ment  is  close  to  the  ground,  and  prohibits  the 
use  of  this  sequence,  reverse  deployment  mfty 
be  used.  This  reverse  deployment,  however, 
will  result  In  a  slight  Increase  in  opening 
force,  and  may  possibly  result  in  uneven  de¬ 
ployments  and  contact  of  the  parachute  with  the 
runway,  damaging  both  tho  canopy  and  the 
deployment  bag. 

5.2.4. 7  Reefing.  Reefing  is  not  recommended 
lor  aircraft  deceleration  parachutes. 

5.2.4. 8  Clusters.  The  use  of  parachute  can¬ 
opies  in  clusters  is  jecommended  If  an  individ¬ 
ual  canopy  would  be  larger  than  44  feet  in  dia¬ 
meter.  Larger  diameter  parachute  canopies 
tend  tu  become  heavy  and  bulky  and  present 
difficult  problems  In  maintenance,  packing,  and 
installation,  along  with  the  need  for  expanded 
facilities. 

5.3  AIRCRAFT  IN-FLIGHT  CONTROL  PARA¬ 
CHUTE  (APPROACH  PARACHUTE). 

5.3.1  GENERAL.  This  parachute  la  utilized 
for  better  control  of  the  In-flight  characteris¬ 
tics  of  certain  types  of  Jet  aircraft,  particularly 


Figure  3-5-4 .  Schematic  Arrangement  of  Deceleration  Parachute 
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during  landing  approach,  Steep  rates  and  angles 
of  descent  are  especially  desirable  tor  Jet 
aircraft,  as  jet  aircraft  must  operate  at  high 
altitudes,  where  their  operation  is  much  more 
economical  than  at  low  altitudes.  In  order  not 
to  exceed  speed  limitations,  some  modern  Jet 
aircraft  must  begin  descents  from  high  cruis¬ 
ing  altitudes  when  still  a  considerable  distance 
out  from  the  airbase.  The  same  jet  aircraft 
can  otart  their  descent  relatively  close  to  the 
alrbaso  when  using  an  approach  parachute. 
Use  of  an  approach  parachute  facilitates  in¬ 
strument  letdowns,  particularly  OCA.  as  the 
additional  drag  permits  a  rapid  deceleration, 
stoopens  the  glide  path,  and  also  prevents 
ovewontrol.  The  higher  throttle  netting,  which 
may  be  used  during  approach  by  virtue  of  the 
added  drag,  also  permits  a  more  rapid  re¬ 
sponse  of  the  aircraft  in  the  event  of  emer¬ 
gency  or  go-around.  The  B-47  aircraft  was  the 
*irst  nircraft  for  which  an  approach  parachute 
ey.  'em  was  adopted.  An  approach  parachuto  on 
the  .  47  aircraft  is  shown  in  operation  in 
Figure  w  a-5, 

5.3.2  OVERALL  DESIGN,  The  design  of  any 
inflight  control  or  approach  parachute  system 
must  meet  the  requirements  us  described  in 
paragraph  6.2.3  for  drag  parachutes. 

6.3.3  DESIGN  CONSIDERATIONS.  At  the  pres¬ 
ent  time,  approach  paraenutes  are  standard  on 
the  B-47  aircraft  only.  Some  of  tho  considera¬ 
tions  given  hereafter  are  applicable  particular¬ 
ly  to  that  type  of  aircraft.  Any  systems  deolgn 
for  another  type  of  weapons  system  may  re¬ 
quire  a  further  consideration. 

6. 3.3.1  Drag  Requirement.  The  drag  require¬ 
ment  for  the  approach  parachute  system  will 
have  to  be  established  by  the  prime  contractor 


Figure  3-5-5,  Approach  Parachute 
on  B-47  Aircraft 


of  the  weapons  system.  For  the  B-47  aircraft, 
the  drag  of  the  approach  parachute  is  of  such  a 
value,  that  the  aircraft,  in  landing  configura¬ 
tion,  is  able  to  achieve  a  rate  of  climb  of  at 
least  500  feet  per  minute  at  tho  optimum  de¬ 
signed  landing  gross  weight  at  sea  level.  Fig¬ 
ure  3-5-6  shows  typical  climb  performance 
curves  for  a  medium  bomber  type  aircraft 
using  approach  parachutes  with  different  drag 
areas. 

5. 3. 3.2  Canopy  Selection.  The  ring  slot  canopy 
should  receive  primary  consideration  in  any 
aircraft  approach  parachute  system.  Testa 
have  indicated  that  it  satisfies  desired  stability 
requirements.  Its  cost  end  ease  of  production 
and  repair  give  it  a  decided  advantage  over 
the  FIST  ribbon  canopy.  The  FIST  ribbon 
canopy  should  be  considered  for  applications 
in  which  the  deployment,  speed  requirement  is 
higher  than  the  design  limits  of  the  rinfc  slot 
canopy.  The  application  of  guide  surface  typo 
canopies  for  approach  parachute  systems  is 
currently  being  Investigated.  Other  typeB  of 
parachute  canopies  are  ruled  out  for  reasons 
of  stability,  cost,  bulk,  or  strength  factor. 

5.3. 3.3  Size  of  Canopy.  The  size  of  the  canopy 
lb  determined  by  the  drag  requirement.  The 
drag  coefficient  Cjj0  for  the  FIST  ribbon  and 

ring  slot  canopies  ranges  from  0.6  to  0.0, 
depending  upon  tho  air  flow  behind  the  air¬ 
craft.  For  design  purposes,  a  drag  coefficient 
Cdq  of  0.55  for  ring  slot  canopies  and  0.5  for 

FIST  ribbon  canopies  is  generally  used.  A 
typical  force-time  diagram  obtained  during  the 
deployment  and  steady  drag  of  a  12-foot- 
diameter  ring  Blot  parachute  behind  a  medium 
bomber  type  aircraft  traveling  at  an  airspeed 
of  147  knots  is  shown  in  Figure  3-5-7. 

5. 3. 3. 4  Riser  and  Suspension  Line  Length.  If 
both  in-flight  control  and  deceleration  para¬ 
chutes  are  used,  the  position,  of  the  skirt  cf 
the  deceleration  parachute  is  the  determining 
factor  for  the  riser  length  of  the  approach 
parachute,  as  the  skirt  of  each  parachute 
canopy  must  be  equidistant  from  the  aircraft. 

If  an  approach  parachute  only  is  used,  the 
length  of  the  riser  should  in  general  be  1.0  to 

1.5  times  the  constructed  (flat)  diameter  (D)  of 
the  canopy.  Suspension  line  length  should  be  1.0 
times  the  constructed  (flat)  diameter  (D)  of  the 
canopy. 

5.3. 3.5  Parachute  Compartment  Location.  The 
approach  parachute  compartment  may  be  lo¬ 
cated  on  the  top,  side,  or  bottom  of  the  aft  end 
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Figure  3-5-7.  Typical  Force  versus  Time  Diagram  for  an  In-Flight  Control  rarachute  Canopy 


.3.3.8  Deployment.  In  all  Installations,  de¬ 
ployment  bags  and  spring-loaded  pilot  chutes 
should  be  used.  Deployment  bags  should  be 
used  to  facilitate  the  maintenance  and  installs  - 
tion  of  the  parachutes  In  the  aircraft  and  to 
insure  orderly  deployment.  Riser-first  deploy¬ 
ment,  in  which  the  bag  travels  with  the  canopy, 
should  be  used. 

5. 3.3. 7  Reefing.  Generally,  reefing  is  not  rec¬ 
ommended  for  aircraft  in-flight  control  para¬ 
chutes.  However,  a  permanent  reefing  line  may 
be  installed  to  achieve  greater  stability  or  to 
reduce  the  drag  area  of  an  existing  canopy, 
which  unreefed  creates  only  slightly  higher 
drag  than  is  desired  for  the  particular  applica¬ 
tion.  For  instance,  the  standard  approach  para¬ 
chute  for  the  B-47  aircraft  incorporates  a 
15.5 -foot -diameter  ring  slot  canopy  which  is 
slightly  reefed  by  means  of  a  27.5-foot  reefing 
line.  This  reefing  lire  is  permanently  installed 
at  the  skirt  of  the  canopy.  Thus,  drag  area  is 


decreased  slightly  and  a  higher  degree  of 
stability  is  obtained. 

5.4  DECELERATION  PARACHUTE  CONTROL 
SYSTEM. 

The  control  system  for  aircraft  deceleration 
parachutes  must  be  designed  to  reliably  and 
repeatedly  perform  a  number  of  functions,  two 
of  which  occur  in  sequence  in  one  operation. 
When  deployment  of  the  parachute  is  initiated 
by  pulling  the  control  handle  in  the  pilot's 
cockpit,  the  mechanism  must  lock  the  para¬ 
chute  to  the  attachment  point  on  the  aircraft; 
then,  after  positively  locking  the  parachute,  it 
must  open  the  compartment  door.  The  attach¬ 
ment  hook  shall  remain  open  as  long  as  the 
control  handle  is  in  stowed  position.  This  is  a 
safety  measure  to  allow  the  parachute  to  drop 
free  In  the  event  the  compartment  door  is 
accidentally  opened  by  means  other  than  actua¬ 
tion  of  the  control  handle  while  the  aircraft  is 
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Figure  3-5-8.  Alignment  of  Parachute  Canopy  Force  Line,  Parachute 
Attachment  Point,  and  Aircraft  Conte r  of  Gravity 


In  flight.  Jettison  of  the  parachute  irom  the 
aircraft  may  be  accomplished  by  UBing  either 
a  separate  control  cable  or  the  same  control 
cable  with  the  handle  moved  into  a  different 
position.  Experience  has  Indicated  the  desir= 
ability  of  using  a  two-cable  system  for  bomber 
type  aircraft  and  a  single -cable  system  for 
fighter  type  aircraft.  A  mechanical  system  is 
preferred  because  of  simplicity  and  positive 


operation.  One  disadvantage  of  a  mechanical 
system  is  the  difficulty  of  routing  the  control 
cable  in  such  a  manner  that  It  does  not  inter¬ 
fere  with  crew  or  equipment,  yet  will  operate 
with  a  minimum  of  friction  and  without  loss 
of  reliability  due  to  detrimental  effects  of 
environment,  In  Installations  where  a  mechani¬ 
cal  system  Is  impractical,  a  hydraulic,  elec¬ 
tric,  or  pneumatic  system  may  be  utilised. 
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CHAPTER  IV 
SECTION  1 

PARACHUTE  SNATCH  FORCES 


1.1  SNATCH  FORCE. 

Ml  parachute  openings  create  a  force  known  as 
"snatch"  force.  It  can  be  defined  as  the  lorce 
Imposed  upon  the  suspended  load  by  the  para¬ 
chute  to  accelerate  the  mass  of  the  parachute 
from  Its  final  velocity  at  line  stretch  (or 
snatch)  to  tho  velocity  of  the  suspended  load. 
Snatch  force  arises  from  the  comparatively 
rapid  deceleration  of  the  deploying  parachute  in 
relation  to  the  slow  deceleration  of  the  sus¬ 
pended  load.  A  differential  velocity  thus  exists, 
and  must  be  reduced  to  zero. 

1.2  GENERAL  CONSIDERATIONS. 

1.2.1  Fortunately,  snatch  forces  are  imposed 
at  tho  completion  of  suspension-line  deploy¬ 
ment,  prior  tu  actual  inflation  of  the  canopy. 
Thus,  snatch  force  and  opening  shock  (Section 
2)  are  not  additive  forces;  rather,  they  follow 
closely.  (See  Figures  4-1-1  and  4-1-2.)  At 
comparatively  low  speeds,  and  with  presort 
canopy  doaigno,  snatch  forces  do  not  exceed 
opening  shock.  With  low-shock  canopies  now  in 
use  or  undor  design,  however,  it  is  felt  that  the 
limiting  factor  on  future  parachute  operation 
will  be  snatch  force.  Opening  shocks  can  be  re¬ 
duced  considerably  by  special  reefing,  venting, 
collapsing,  or  squiddlng  canopy  designs.  Snatch 
forces  can  be  reduced  only  by  controlled  de¬ 
ployment  (a  very  difficult  process  if  the  de¬ 
ployment  system  must  be  usable  over  a  large 
speed  range),  by  reduction  of  parachute  weight, 
by  reduction  of  unlnflated  canopy  drag  area, 
and  by  reduction  In  pilot-chute  drag  area.  The 
latter  two  factors  are  intimately  connected  with 
proper  deployment,  and  cannot  be  reduced  be¬ 
yond  a  certain  limit  without  serious  adverse 
effects  on  deployment  and  reliability. 

1.2.2  Figure  4-1-1  shows  a  record  of  force 
versus  time  in  the  opening  of  a  standard  28- 
foot  parachute  canopy  at  280  knots.  Snatch 
force  and  opening  shock  are  indicated. 

1.2.3  Figure  4-1-2  shows  a  record  of  force 
versus  time  in  the  opening  of  a  standard  28 -foot 
parachute  canopy  with  reef ing  rings  at  280  knots. 


It  will  be  noted  that  snatch  force  here  con¬ 
siderably  exceeds  opening  shock.  Reefing  rings 
havs  so  altered  the  canopy  that  it  is  a  low- 
shock  design.  The  primary  maximum  force  to 
be  considered  thus  becomes  snatch  force. 


Figure  4-1-1,  Force  Versus  Time  in  ibr 
Opening  of  a  Standard  28-Foot  Parachut. 
Canopy ,  at  260  Knots 
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Figure  4-1-2.  Force  Versus  Time  in  the 
Opening  of  a  Standard  28-Foot  Parachute 
Canopy  with  Reefing  Rings,  at  260  Knots 

1.3  CALCULATION  OF  SNATCH  FORCE. 

1.3. 1  Upon  full  extension  of  the  suspension  lines, 
the  energy  AE  is  transmitted  to  the  suspended 
load  if 

Wc  , 

AEa-r  AV2 
Zg 
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where 

W'c  a  weight  of  the  canopy  cloth  area, 
lb.,  including  the  weight  of  the 
suspenoion  lines  acrosB  the  cloth 
area,  but  not  including  the  weight 
of  the  free  length  of  suspension 
lines 

g  a  gravity 

av  *■  differential  velocity  between  the 
center  nf  gravity  of  the  parachute 
canopy  before  and  immediately 
after  the  snatch 

1.3.2  If  no  special  shock  absorbers  arc  in¬ 
stalled,  the  fovea  developed  must  be  trans¬ 
mitted  through  the  suspension  lines.  Being 
elastic,  the  lines  extend,  and  transmit  a  trac¬ 
tive  force  to  the  parachute  canopy  and  to  the 
suspended  load.  Thus, 


and  the  highest  snatch  force  thus  IS 


fpi* 


where 


wnvtv 

P  o  momentary  tractive  force  In  the 
suspension  lines,  lb. 

<  a  elongation  of  the  suspension  lines, 
ft. 

1.3.3  For  normal  nylon  suspension  linen,  it 
can  be  assumed  that  the  force  versus  elongation 
curve  will  be  approximately  linear.  The  follow¬ 
ing  equation  can  then  be  written: 


therefore 


AE  b  Z 


!=**  r.d. 

Siax  J 


where 


S  a  number  of  suspension  lines 

°  breaking  strength  of  suspension 
line.  lb. 

»  maximum  elongation  of  suspen¬ 


sion  lines,  it. 

Revising  the  equation,  we  obtain 


.  QfL 

V  ^max/®  max^ 


V5 


£  4V*  zrJS£. 

‘max 


1,3.4  The  last  equations  can  be  solved  without 
difficulty  if  aV  la  known.  The  calculation  of 
AV  is  determined  by  circumstances,  and  aome 
suitable  assumption  must  be  made.  Therefore, 
the  graphs  at  the  end  of  this  section,  represent¬ 
ing  a  number  of  solutions,  are  given.  By  use  of 
these  graphs  it  la  possible  to  estimate  the 
snatch  force  quickly  and  with  fair  accuracy. 
Figures  4-1-11,  4-1-12,  4-1-13,  4-1-14,  and 
4-1-13  show  the  time  t  required  for  two  bodies 
with  varying  drag  loading  K  to  separate  for  a 
certain  distance  d,  provided  both  have  a  launch¬ 
ing  spaed  of  V0  ami  both  are  decelerated  only 
by  their  individual  drags.  Knowing  the  time  t, 
we  may  calculate  the  differential  velocity  AV 
by  means  of  the  following  formula: 

a  tKi,(n  - 1) 

AV  -  Vea - — - - 

1  +  VgUC^n  +  1)  *  V0anKabt2 

To  attain  wider  application,  the  combined  val¬ 
ues  K  and  n  have  been  used  In  both  the  graphs 
and  the  formula.  The  following  are  implied  in 
paragraphs  below: 

Civ  Sby 

a  ■  —for  the  suspended  load 


where 


Kk  a  drag  loading  of  the  suspended 
load,  ft.”1 

Cn  o  coefficient  of  drag  of  the  sus- 
b  pended  load 

y  a  specific  weight  cf  air,  lb.  per  cu. 
ft. 

Wj.  a  weight  of  suspended  load,  lb. 

Sbu  >  aerodynamic  area  of  the  suspended 
load 

CD  So? 

K«  a  — 0 — for  the  parachute 


f  2  AE 

ZlPmaxT^max) 


where 


Kg  »  drag  loading  of  the  un Inflated 
H  parachute,  ft.-1 
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/ 


Cj)  Se  o  average  drag  area  at  the  un¬ 
inflated  parachute  plus  drag 
area  of  the  pilot  chute,  sq.  ft. 

Wp  «  weight  of  the  canopy  cloth  area 
plus  weight  of  external  suspen¬ 
sion  lines,  lb. 


d  b  distance  from  the  center  of 
gravity  at  the  canopy  tothe  sus¬ 
pension  point  on  the  load 

The  present  calculating  system  is  based  on  a 
few  physical  aasumptioiis  and  simplifications. 
To  the  extant  that  it  can  be  assessed,  it  gives 
results  with  fair  accuracy.  The  system  is  under 
continuing  study,  and  it  may  be  necessary  to 
icviae  ut  tu  supplement  some  assumptions. 
Present  assumptions  of  the  drag  of  the  un» 
inflated  parachute  plus  p;ilot  chute,  in  particu¬ 
lar,  are  not  based  on  measured  data,  and  cannot 
be  considered  definite.  Until  more  accurate 
data  is  available,  however,  such  assumptions 
must  be  made. 

1.4  tXAMPUS  ft*  SNATC44  FORCE  DETER¬ 
MINATION. 


1.4.1  If  It  is  assumed  that  the  following  con¬ 
ditions  exist,  the  snatch  force  for  these  con¬ 
ditions  can  be  calculated. 

Wk  «  200  lb. 

(Cq  4  sq.  ft.  (for  suspended  load) 

Wp  »  10  lb.  (for  parachute  canopy) 

Wq  ■  7.6  lb.  (for  canopy  cloth  area 

,  “ly) 

(CD  £jj^>  3  sq.  ft.  (for  the  uninflated 
parachute  canopy  plus  pilot  chute) 
Z  •  24  suspension  lines 
Pmax  «  950  lb.,  breaking  strength,  sus¬ 
pension  linen 

18  a  20  ft.,  length  of  suspension  lines 
«max  “  0,4  x  20  ft*  *  8 't.,  maximum 
elongation  of  suspension  lines 
(650-lb.  suspension  lines  elon¬ 
gate  40  percent  maximum) 

Vc  =  130  knots  launching  speed 
y  -  0.07651  lb.  per  cu.  ft.  specific 
weight  of  air,  sea  level 
d  =  21  ft.  from  center  of  gravity  of 
canopy  to  suspension  point  of 
ioad 

1.4.2  Specific  values,  after  solution,  are  as 
follows: 


Kb  »  7.85  x  10”4  ft.**1 
Kp  a  115  xlO"4  ft.-l 
n  a  15 
d  a  21  ft. 

1.4.3  Figures  4-1-11,  4-1-12,  4-1-13,  4-1-14, 
and  4-1-16  show  the  distance  d  in  feet  that 
bodies  with  varying  drag  loadings  K  will  travel 
(decelerate)  within  a  certain  time  t  if  launched 
at  various  velocities.  Using  Figure  4-1-11,  and 
assuming  that  the  K  of  the  suspended  load  is 
always  considerably  less  than  that  at  the  para¬ 
chute,  the  distance  d «»  21  ft.  (refer  to  para¬ 
graph  1.4.1)  may  be  measured  on  the  ordinate 
of  Figure  4-1-11  by  divider.  Since  It  is  desired 
to  determine  the  time  t  corresponding  to  Kb  «* 
7.85  x  10'4  ami  Kp  »  116  x  10-4,  and  there  ir. 
no  curve  for  K  =  116  x  10"4,  it  is  necessary 
to  estimate  f  value  of  t  using  the  curves 
Kb  122  x  lO"’*  and  Kb  lue.B  x  10 “v,  between 
which  a  curve  of  Kb  116  x  10~4  would  He. 
With  the  dividers,  the  distance  at  21  feet  should 
be  laid  out  parallel  to  the  ordinate,  with  the 
divider  based  on  the  K  of  the  body;  in  this 
case  the  value  is  7.85  x  10"4.  Hie  second  arm 
at  the  divider  falls  upon  the  curve  of  K  a  122  x 
1G"4  at  a  value  of  t  a  0.36  second.  Repeating 
this  procedure,  it  in  found  that  if  the  curve 
Kb  108.5  x  10~4  is  used,  a  value  of  t a 0.378 
is  obtained.  The  required  value  of  t  falls 
between  these  two  values  and  is  estimated  to 
be  0.38  second. 

1.4.4  For  t  a  0.38  second  and  the  given  values 
Kb  a  7.65  x  10“4  and  a  a  15,  the  differential 
velocity  AV  can  be  calculated  by  use  of  the 
formula  for  AV  noted  under  paragraph  1.3.4. 
Thus 

AV  a  92  ft.  per  sec. 

1.4.5  Knowing  AV,  we  may  insert  it  in  the 
formula  noted  under  paragraph  1.3.4,  and  obtain 
a  snatch  force  of  P  a  1,810  pounds. 

1.4.6  Calculated  with  the  same  system,  the 
same  chute  dropped  at  260  knots  will  develop  a 
snatch  force  of  approximately  3,700  pounds. 

l.e.7  As  already  noted  in  paragraph  1.3.4,  the 
assumption  of  the  average  drag  area  of  the  un¬ 
inflated  parachute  canopy  is  not  reliable,  be¬ 
cause  normal  canopies  can  be  partially  inflated 
during  the  stretching  time.  The  snatch  force 
can  thus  be  increased  to  a  great  extent.  For 
example,  II  the  average  drag  area  ox  the  canopy 
noted  above  is  increased  to  5  square  feet,  snatch 
force  will  be  approximately  1,900  pounds  at  130 
knots  and  approximately  4,500  pounds  at  280 
knots. 
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1.4.8  In  practice,  measured  values  will  deviate 
considerably,  both  above  and  below  calculated 
values,  if  a  simple,  uncontrolled  deployment 
system  is  utilised.  Controlled  systems,  such 
as  those  employing  bags  or  sleeves  or  other 
devices,  yield  more  consistent  and  predictable 
values. 

1.9  MEASURES  TO  REDUCE  SNATCH  FORCE. 

1.5.1  GENERAL.  The  preceding  examination 
demonstrates  that  snatch  force  can  rise  to 
dangerous  magnitudes.  Methods  of  reduction 
are  listed  below. 

1. 8.1.1  The  drag  area  (CnSLuf  the  uninflated 
canopy  must  be  reduced  to  the  minimum,  and 
any  tendency  to  partially  inflate  previous  to 
line  stretch  must  be  eliminated. 

1. 3.1.3  Thin  may  be  accomplished  by  use  of  a 
device  known  as  a  skirt  heaitatos1,  which  re¬ 
stricts  the  skirt  of  the  parachute  canopy  and 
prevents  canopy  Inflation  until  the  completion 
of  the  Bnatch.  Tests  of  the  hesltator  have  been 
successful  at  high  and  low  speeds  (100  to  S50 
knots). 

1.8. 1.3  Decrease  of  the  distance  d  (line  length) 
will  reduce  snatch  force. 

1. 8.1.4  Use  of  sunponslon  lines  with  high  elon¬ 
gation  will  decrease  the  poak  forco  at  snatch. 

i.b.2  New  PACKING  METHODS. 

1.8.3. 1  Rolling.  When  the  canopy  cA  a  parachute 
is  packed  in  a  roll,  rather  than  in  accordion 
folds,  the  mass  of  the  canopy  is  not  fully 
effective  at  the  snatch.  Instead,  a  portion  of  the 
mass  unrolls,  and  only  a  fraction  of  the  total 
mass  is  accelerated  linearly  with  the  suspension 


lines.  The  remainder  of  the  canopy  begins  a 
rotating  action  which  distributes  the  total  force 
over  a  longer  time  base,  reducing  peak  forces 
considerably.  Experiments  have  proven  that  the 
maximum  snatch  force  is  reduced  by  approxi¬ 
mately  40  percent  if  roll  packing  and  deploy¬ 
ment  are  used.  It  is  also  possible  to  roll  a 
portion  of  the  suspension  lines  in  the  Bame 
manner.  Experiments  with  the  second  system 
show  that  snatch  forces  can  be  reduced  by 
60  percent.  The  second  system,  however,  is 
not  reliable. 

l.B.2.2  Bug  Deployment.  Experiments  with 
man-carrying  parachutes  showed  that  very  heavy 
and  undesirable  snatch  forces  wore  obtained  at 
deployment  speeds  of  130  knots.  A  number  of 
methods  for  reducing  this  force  were  em¬ 
ployed,  M  none  was  as  successful,  at  speeds 
of  up  to  330  knots,  as  bag  deployment.  Sequence 
cl  operation  of  the  bag  deployment  Is  shown  in 
Figure  4-1-3.  Assembly  and  packing  details 
and  methods  are  illustrated  by  Figures  4-1-6, 
4-1-7,  4-1-8,  4-1-0,  and  4-1-10.  Shown  in 
Figures  4-1-4  and  4-1-8  are  comparative  force 
versus  time  diagrams  developed  by  a  parachute 
cnnnpy  with  and  without  bag  deployment.  It 
should  be  noted  that  the  recordings  are  average 
and  typical  and  are  not  Isolated  examples.  The 
mouth  sections  at  deployment  bags  may  be 
closed  by  any  one  of  several  methods: 

a.  The  line-tie  method  illustrated  in 
Figures  4-1-6  through  4-1-10  is  the 
simplest,  but  it  allows  direct  entrance 
of  high-velocity  air  into  the  bag. 

b.  Flap  closures,  similar  to  those  used 
on  sleeves,  have  been  tested  suc¬ 
cessfully. 

c.  Closure  flaps  have  also  been  held 
in  position  by  stowing  suspension 
lines  over  the  flaps  themselves. 


WADC  TR  55-265 


4-1-4 


Figure  4-1-3,  Photographs  A  and  B  show  Deployment  of  a  Flat  Circular  Parachute,  with  Bag, 
at  260  Knots.  Bag  and  Pilot  Chute  Show  Clearly  in  A.  Photographs  C  and  D  Show 
Initial  Deployment  of  a  Flat  Circular  Parachute,  Equipped  with  Bag,  at 
305  Knots.  Pilot  Chute  Was  Used. 
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OISTANCE  (FT) 


Figure  4-2-10,  Tie  Loops  on  Reinforcing  Web- 
hinge  Are  Shewn  ul  A.  Three  Turns  of  5-Cord 
Hold  ike  Canopy  in  Position  Until  Lines  Are 
Stretched  and  Pilot- Chute  Drag  Breaks 
the  Cord 


Figure  4  1-11.  Pi  stance  of  Travel  of  Bodies  with  Various  Drag  Loadings ,  Launched  at  130  Knots 
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CHAPTER  IV 
iECTION  2 

OPENING  SHOCK  OF  PARACHUTE  CANOPIES 


2.1  GENERAL. 


Determination  of  opening  shock  of  parachute 
canopies  by  mathematical  processes,  based 
upon  an  analysis  of  the  physical  processes  of 
opening,  has  not  been  solved  to  any  satisfactory 
degree.  Based  on  a  simplified  theory,  calcula¬ 
tion  of  opening  shock  values  can  be  accom¬ 
plished.  Comparison  with  actual  test  data  has 
shown  satisfactory  agreement. 

2.2  CONSIDERATIONS. 

2.2.1  Under  normal  conditions,  the  opening 
shock  of  a  parachute  canopy  depends  upon; 

a.  Canopy  diameter  and  drag  coefficient. 

b.  The  ruapended  load. 

c.  Launching  speed  or,  more  accurately, 
the  speed  at  which  the  canopy  begins 
to  inflate. 

d.  Altitude  of  inflation. 

e.  Filling  time  of  the  canopy. 

f .  Increase  of  drag  area  from  the  moment 
of  complete  stretch  of  the  suspension 
lines  to  full  inflation  of  tho  canopy. 

2.2.2  The  current  method  of  determining  open¬ 
ing  shock  consists  of  a  mathematical  system 
that  is  exact  U  proper  assumptions  are  made 
concerning  filling  time  and  increase  of  drag 
area  versus  filling  time.  Tests  have  shown  that, 
a  relation  exists,  and  can  be  determined,  be¬ 
tween  opening  time  and  diameter,  velocity,  and 
altitude;  and  that  another  relation,  between  drag- 
area  increase  and  filling  time,  is  discernible. 

2.2.3  The  system  outlined  has  been  applied 
mostly  to  ribbon  canopies,  but  can  also  be  ap¬ 
plied  to  other  types  of  canopies.  Comparatively 
little  test  data  are  available  for  high-altitude 
parachute  operation,  but  they  indicate  a  relation 
between  decrease  of  filling  time  and  Increase 
in  altitude  up  to  a  certain  altitude.  This  factor 
appears  to  be  the  major  cause  of  the  large 
increase  in  opening  shock  within  this  altitude 
range. 
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2.3  CALCULATION  OF  OPENING  SHOCK. 

2.3.1  The  various  stages  of  the  opening  process 
are  shown  in  Figure  4-2-1,  together  with  terms 
used  in  calculation  erf  opening  shock. 

2.3.2  The  equations  of  motion  for  tho  opening 
process  can  be  written  if  D0,  Ce  ,  Wt,  p,  g, 

Vs,  and  tf  are  known,  and  if  assumption  can  be 
made  for  the  Increase  in  drag  area  versus 
filling  time. 

2.3.3  If  F0  is  used  to  denote  the  actual  opening 
force  between  parachute  and  suspended  load, 
and  Fe  the  force  obtained  with  a  constant 
velocity  on  tho  fully  inflated  parachute,  ex¬ 
pressed  an 

Fc  °  cD0&o% 

and  if  x  denotes  the  relationship  between  actual 
t.  ening  shock  F0  and  the  constant  force  Fc, 
expressed  as 


then  the  actual  opening  shock 
FoaCD0SoVK 

where  x  and  K  are  dimensionless  factors  for 
various  types  of  parachutes. 

2.3.4  In  most  cases,  velocity  Vs  differs  greatly 
from  launching  speed  VQ.  Vs  can  be  determined 
by  the  formula 


(CD  S  ^BpgtdVo 


where 

(CD  S  )B  =  drag  area  of  the  body,  mis¬ 
sile,  or  container,  sq.  ft. 


4-2-1. 


to  •  OPENING  TIME 

t«  »  STRETCHING  TIME  OF  SUSPENSION  LINES 
tf  «  FILLING  TIME  TO  SKIRT  REEFED  CONDITION 
U  »  REEFED  TIME 
td  •  t8  ■  DEPLOYMENT  TIME 
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Figure  4-2-1.  process  of  Parachute  Opening 


a  deployment  time,  see.  (See 
Figure  4-2-1.) 

This  formula  Is  usable  for  horizontal  launching, 
so  long  as  the  ratio  of  horizontal  speed  to  ver¬ 
tical  speed  Is  not  smaller  than  two  or  three  to 
one  (usually,  within  3  to  4  seconds  maximum 
after  launching). 

2.3.S  From  subsonic  tests  with  practically  in¬ 
finite  load  and  no  velocity  decreases  during 
filling  time  (wind  tunnel  tests,  aircraft  decel¬ 
eration,  and  other  drops  with  a  very  high  force 
to  drag  area  ratio),  xK  factors  have  boon 
measured.  These  xK  factors  should  not  be 
used  for  opening  shock  calculation  unless  the 
load  approaches  the  infinite. 


a.  Solid  flat  parachute  canopy  xK  a  2.0 
(approx.) 

b.  Guide  surface  parachute  canopy 

Ribless  xK  a  1.3 
Stabilization  xK  »  1.1 

c.  Ribbon  and  ring  slot  parachute  canopy 
xK  -  1.05 

d.  Rotofoil  parachute  canopy  xK  =  0.9 

For  infinite  load  conditions,  the  xK  factor  is  a 
constant  for  a  specific  parachute  canopy  type, 
even  during  higher  altitude  deployment.  Some 
variation  in  xK  factor  may  be  expected  due  to 
change  in  Mach  Number. 

2.3.6  FILLING  TIMS. 

2.3.6. 1  The  following  method  of  calculating 
filling  time  of  a  parachute  canopy  is  suggested 
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(dr  bodies  requiring  an  equilibria  aloclty 
of  approximately  100  ft.  per  sec  one  .ess. 

2.9, 6.2  Evaluation  of  motion  pictures  of  drup 
tests  chows  that  filling  time  is  related  to  para* 
chute  diameter  and  launching  speed,  and,  at 
least  for  normal  loadings,  it  is  somewhat  re* 
lated  to  the  ratio  of  force  to  canopy  drafj  area. 
An  empirical  formula  to  compute  filling  time 
value,  based  cm  present  knowledge,  is  given 
below: 

8X>0  f> 

^  1/  0.9  „ 


2. 9.6.2. 1  Filling  times  determined  by  this 
method  agree  substantially  with  values  meas¬ 
ured  for  ribbon  canopies  ami  agree  reasonably 
with  values  for  other  types  of  canopies  if  a 
correction  factor  Is  later  applied.  However,  It 
Is  preferable  to  use  measured  flUlhg  time  data 
for  the  calculation  uf  opening  shock.  Available 
information  Indicate  that  fJWng  time  deceases 
up  to  40,000  feet,  approximately  with  the  ratio 

For  very  high  velocities  and  very  high 

altitudes,  no  teat  valuos  are  as  yet  available. 
It  la  expected  that  at  very  high  velocities  the 
filling  time  may  decrease  with  altitude  more 
slowly  than  the  ratio  would  indicate,  because  of 
the  mass  and  the  relative  rigidity  uf  the  para¬ 
chute  system. 

2. 3.6. 2. 2  The  filling  time  of  parachute  canopies 
can  be  changed  by  various  means,  such  os  skirt 
hesitation,  reefing,  pocket  bands,  and  deploy¬ 
ment  bags. 


factor  A  can  be  determined  to  approximate  the 
velocity  decrease  during  filling  time, 

a _ 

CD0soVtl« 

2.3. 7.2  Thu  K  factor,  which  shows  the  relation¬ 
ship  between  various  parachute  canopy  types, 
has  the  following  value: 

a.  Solid  flat  parachute  canopyiK  a  1.4 

b.  Ribbon  and  ring  slot  parachute  can¬ 
opy:  K  a  1.0 

c.  Guide  surface  and  rotofoll  parachute 
canopy:  Teat  data  and  records  have 
not  been  sufficiently  evaluated  at  this 
time.  A  K  factor  of  approximately 
1.0  can  be  assumed,  based  on  a  com¬ 
parison  of  known  x  factors  at  infinite 
load. 

2. 3. 7.3  The  accuracy  of  opening  shock  calcu¬ 
lations  may  be  improved  by  evaluation  of  clne- 
th*odoHts  nr  normal  motion  picture  teat  cover¬ 
age  to  determine  actual  filling  time  values. 
Forces,  velocities,  and  filling  process  should 
be  determined  with  regard  to  time. 

2.4  EXAMPLE  OF  OPENING  SHOCK 
CALCULATION. 

2.4.1  If  a  man-carrying  standard  parachute 
canopy  with  a  diameter  t^u  28  foot,  a  drag  area 
CD  {jQ  a  460  square  feet,  a  suspended  load 

W,o  200  pounds,  and  a  load  drag  area  (Cj)  S  )qb 

4.5  square  feet  is  launched  at  sea  level  ai 
V0n  250  knots,  the  following  calculations  should 
approximate  the  opening  shock  of  the  parachute. 


2.3.7  INCREASE  OF  DRAG  AREA  VERSUS 
FILLING  TIME. 

2.3,7. 1  It  is  possible  for  the  value  of  opening 
shank  to  be  lesB  than  the  theoretical  steady  drag 
at  ctart  of  Inflation,  but  not  leas  them  the 
instantaneous  drag  value  at  complete  Inflation. 
This  latter  value  depends  on  the  change  of 
velocity  during  filling  time,  and  actually  be¬ 
comes  the  opening  shock  force  for  a  theo¬ 
retical  shockless  parachute.  In  order  to  calcu¬ 
late  an  encompassing  value  for  x,  under  con¬ 
ditions  other  than  infinite  load,  a  decreasing 
factor  x  can  be  obtained  from  Figure  4-2-2. 
In  this  figure,  the  decreasing  factor  x  is  plotted 
as  a  function  of  a  dimensionless  factor  A. 
Evaluations  of  canopy  opening  processes  have 
shown  that  the  drag  area  of  parachute  canopies 
Increases  approximately  linearly  with  filling 
time.  Based  on  this  assumption,  a  dimensionless 


2.4.2  For  the  time  t*  +  t„»  tg  (Figure  4-2-1) 
we  assume  0.7  second.  The  speed  decrease 
from  launching  speed  V0  to  the  velocity  V8  is 

V  .  -  VP  - 
S  <CD$)BPgtdVo 

1  + - 7zr, - 


Vs  a  337  ft.  per  sea 

therefore 

qg  =  136  lb.  per  sq.  ft. 


2.4.3  The  filling  time  can  be  determined  from 


8  D0  p 


(8)  (28) 
3370,9 


(1) 


1.192  sec. 
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Figure  4-2-2.  Opening  Stock  Decrmnitg  Factor  x  Versus  Factor  A 

F0  »  (400)  (136)(0.087)(1.4) 
V0  a  4,990  lb. 

2.5  COMPARATIVE  CALCULATIONS. 


3.4.4  Factor  A  remains  to  be  determined 

.  awt 
A  « -  ■  — 

CD0SoVa'ntl8 
A  a  0.0283 

2.4.5  The  decreasing  factor,  therefore,  is  in 
accordance  with  Figure  4-2-2:  x  ■  0.05T. 

2.4.8  Opening  shock,  therefore,  is  equal  to 

*o  H  CD  so^sxK 
o 


2.8.1  In  Figure  4-2-3  are  shown  the  results  of 
calculations  covering  various  parachutes  for 
velocity  V_,  filling  time  tj,  and  altitude.  In 
examples  .1,  2.  3,  and  6,  normal  filling  times 
are  assumed.  In  4,  6,  and  7,  longer  filling 
times  are  established  to  show  the  decrease  In 
opening  shock.  In  examples  1  and  5,  the  launch¬ 
ing  speed  is  equal  to  the  freo-fall  velocity  of 
the  suspended  load.  Thus,  there  is  no  decrease 
in  velocity  from  launching  to  point  ts. 


4-3-4 
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No. 

Do 

Altitude 

(ft) 

V0 

(knots) 

ta+  t« 
(see} 

Vs 

(knots) 

(see.) 

X 

A 

Decel 

(g) 

Remarks 

1 

as 

0 

115 

118 

1.78 

0,072 

1,660 

8.3 

Terminal 

speed 

2 

38 

0 

260 

0,7 

204 

1,16 

0.064 

4,860 

24.3 

3 

as 

0 

aeo 

1.0 

186 

i.as 

0.062 

3.960 

10.8 

Filling  time 
increased 

4 

28 

0 

260 

0.7 

204 

2.0 

0.098 

2,870 

14.3 

0 

24 

40,000 

208 

1.0 

208 

0.24 

0,44 

0,240 

31,2 

Terminal 

speed 

6 

24 

40,000 

208 

1.0 

208 

1.0 

0,21 

a.oao 

14.0 

Filling  time 
increased 

7 

24 

40,000 

208 

1.0 

208 

2.0 

0.143 

. 

2,030 

10,2 

Figure  4-8-  a.  Coirffuivative  Catvulatior.s 
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CHAPTER  IV 


SECTION  3 
RATE  OF  DESCENT 

t 


3.1  CALCULATION  OF  RATE  OF  DESCENT. 

In  the  following  calculations,  the  rate  of  descent 
of  a  parachute  is  defined  as  a  velocity  at  which 
the  drag  of  the  parachute  canopy  is  equal  to 
the  total  weight  Wj  (suspended  load  plus  weight 
of  the  parachute  system).  This  velocity  is  also 
called  equilibrium  velocity  Ve. 

For  sea  level  conditions 


32.724  ZwT 

B"5T 

f  o 

wherein  V@  equals  the  equilibrium  velocity  at 
sea  level.  ° 

For  any  given  altitude  the  equilibrium  velocity 
is  a  function  of  density  and  gravity,  and,  at 
higher  speeds  also  a  function  of  Mach  number. 
Thus 

V«-V«o£ 

wherein  e  «*  JL 


Graphs  showing  the  relationship  between^/?  and 
and  altitude  ore  presented  In  Figures 
4-3-1  and  4-3-2. 

3.2  GENERAL  INFORMATION. 

A  majority  of  parachute  canopies  are  designed 
as  geometric  shapes  which  differ  from  the 
inflated  shape  of  the  canopy;  the  exception 
being  the  Guide  Surface  Type  canopies  which 


ALTITUDE  (FTilOOG) 


Figure  4-9-1.  Gravity  Ratios 

are  essentially  designed  to  the  inflated  shape. 
For  this  reaoon,  it  is  more  practical  to  relate 
the  drag  coefficient  to  a  constructed  shape  or 
area  in  all  cases  except  for  the  Guide  Surface 
Type  canopies.  In  the  case  of  the  Guide  Sur¬ 
face  Type  parachute  canopies,  Cp  is  based  upon 
the  Inflated  or  designed  maximum  diameter. 

3.3  DRAG  COEFFICIENTS. 

Parachute  cauopy  diameter  versus  total  load, 
i.e.  suspended  lead  plus  weight  of  the  parachute 
system,  for  various  rates  of  descent  and  drag 
coefficients  is  presented  in  Figure  4-3-3.  This 
graph  is  presented  for  sea  level  conditions- 
For  other  altitudes  these  values  should  be 

modified  by  multiplying  with  -  Values  for 
4=  can  be  obtained  from  Figure  4-3-2. 
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diameter  o,  ft. 


CHAPTER  IV 
SECTION  4 

PRESSURE  AND  STRESSES  ON  A  PARACHUTE  CANOPY 


4.1  OENERAL. 

The  Importance  of  knowing  atr&sa  distribution 
in  parachute  canoplen  and  its  relation  to  canopy 
strength  lice  in  the  nec  canity  for  minimizing 
weight.  In  light  weight  design,  wheife  strength 
is  a  factor,  stress  analysis  Is  an  indispensable 
element.  The  stresses  in  a  parachute  canopy  are 
caused  by  aorodynamic  loads  acting  on  various 
structural  components  and  being  transferred 
between  thorn.  Stresses  in  a  parachute  canopy 
are  both  dynamic  and  static.  Dynamic  stresses 
exist  for  a  comparatively  short  time,  namely, 
during  the  transition  period  between  the  time 
the  canopy  is  released  into  the  air  stream  and 
the  time  a  Bteady  state  is  reached.  Although 
the  stresses  are  not  constant  during  the  steady 
state,  their  variation  is  small  In  comparison 
with  thuuc  encountered  during  ♦!>,*  transition 
period,  and  they  can  be  considered  as  static. 

4.1.1  As  the  canopy  starts  to  inflate,  the  air 
flow  into  and  around  the  canopy  causes  a  rapidly 
changing  pressure  distribution,  which  in  turn 
causos  the  canopy  to  change  shape.  Conse¬ 
quently,  stress  distribution  and  magnitude  also 
change  rapidly  with  the  shape  and  load.  Because 
of  variations  in  the  opening  forces  of  the 
canopy,  the  factors  affecting  stresses  tend  to 
vary,  even  for  "identical"  conditions. 

4.1.2  Knowledge  of  three  baste  items  is  re¬ 
quired  to  conduct  a  stress  analysis:  the  char¬ 
acteristics  of  the  structural  material,  the  shape 
and  fabrication  of  the  structure,  and  the  mag¬ 
nitude  and  manner  of  application  of  the  load. 
In  a  canopy,  tho  load-carrying  members  are 
primarily  of  fabric,  which  has  no  stiffness  and, 
therefore,  can  take  no  bending  loads.  Loads 
are  resisted  by  tension  in  the  fabric  members. 
Many  types  of  fabric  are  utilized,  each  having 
its  own  load -carrying  characteristics.  The  shape 
and  construction  vary  with  the  type  of  para¬ 
chute  canopy.  The  canopy,  which  may  be  of 
solid  or  grid  construction,  is  the  drag-produc¬ 
ing  element.  The  canopy  load  is  transferred 
into  the  suspension  line  system  by  way  of  the 
main  tseams  and  ribs.  Stress  analysis  is  ex¬ 
tremely  complicated,  since  maximum  stresses 


occur  during  the  opening  process,  which  is  the 
period  of  rapidly  changing  shape  and  load.  At 
present,  the  only  workable  solution  to  stress 
determination  in  a  parachute  canopy  involves 
correlation  of  the  commonly  measured  vari¬ 
ables  into  empirical  solutions. 

4.2  STRUCTURE  ANALYSIS. 

4.2.1  BASIC  ASSUMPTIONS.  As  mentioned 
heretofore,  the  load-carrying  element  of  a 
parachute  canopy  la  a  material  unable  to  take 
bending  loads  because  It  has  no  stiffness.  Con¬ 
sequently,  loads,  can  be  resisted  only  by  ten¬ 
sions  in  the  curved  members.  There  remain, 
then,  three  basic  groups  of  variables:  stress, 
shape,  and  loading.  Presently,  parachute  can¬ 
opy  design  in  based  on  selecting  a  known  load¬ 
ing  condition  and  then  inferring  the  shape  from 
the  opening  and  descent  characteristics  desired. 
Based  on  these  assumptions,  the  stresses  in¬ 
volved  may  then  be  solved.  Theoretically,  the 
canopy  may  be  considered  to  bo  a  thin  flexible 
shell  acted  on  by  normal  and  tangential  forces. 
To  apply  the  equilibrium  equations  of  a  small 
section  of  this  shell,  certain  other  assumptions 
need  to  be  made,  the  use  of  which  removes  the 
problem  and  its  solution  from  the  practical  to 
the  classical.  These  assumptions  are: 

a.  Tho  surface  is  formed  by  rotating  a 
curve  about  a  straight  axis. 

b.  The  aerodynamic  forces  are  rotation- 
ally  symmetrical. 

c.  The  material  is  inextensible. 

4.2. 1.1  On  equating  the  forces  acting  on  asmall 
section  of  a  shell  in  equilibrium  (Flgure4-4-l), 
the  equations  of  the  well-known  diaphragm 
tension  theory,  or  theory  of  a  thin  flexible 
shell,  are  obtained. 

4. 2. 1.2  A  special  solution  results  in  the  well- 
known  Taylor  shape.  If  there  are  a  large  num¬ 
ber  of  lines  over  the  canopy,  an  equal  number 
of  radial  crinkles  results  and  a  shape  is  pro¬ 
duced  in  which  the  circumferential  stress  is 
zero.  This  shape  is  just  on  the  verge  of  col¬ 
lapse  and  is  the  flattest  shape  possible.  Pres¬ 
sure  distribution  on  the  Taylor  shape  is  ap¬ 
proximately  constant.  See  Figure  4-4-2, 


4.2. 1.3  in  the  foregoing  analytical  solutions, 
many  assumptions  were  needed  to  make  the 
solution  possible  or  simplify  It  to  a  point  where 
it  could  readily  be  adapted  for  use.  However, 
many  c4  these  assumptions  about  loading,  shape, 
and  stresses  were  not  very  realistic,  ft  is  im¬ 
portant  to  know  how  these  assumptions  fare  in 
actual  operation. 

4.2.2  PRffiSURE.  A  common  assumption  is  that 
pressure  is  uniformly  distributed  over  the  sur¬ 
face.  Comparison  of  the  pressure  distribution 
at  three  velocities  cn  unvested  models  is  shown 
In  Figure  4-4-3.  the  curve  shape  is  generally 
the  same  In  the  upper  portion  of  the  eanepy, 
but  decreases  In  magnitude  with  an  increase  in 
velocity.  At  the  highest  velocity  (ISO  feet  per 
second),  the  pressure  at  the  skirt  increases 
rapidly. 

4.2.2. 1  When  geometric  porosity  is  added,  the 
pressure  In  the  upper  portion  decreases  and 
becomes  Irregular,  while  the  pressure  drops 
off  on  the  lower  portion  of  the  canopy.  With  the 
porosity  increased  still  more,  the  above  effects 
are  Increased.  The  decreased  pressure  at  the 
skirt  indicates  that  the  squlddlng  velocity  Is 


Figure  4-4-1.  Forces  Action  on  a  Small 
Segment  of  a  Flexible  Shell  in  Eguilibirum 


Figure  4-4-2,  Pressure  DiHiribuiim  over 
Several  Taylor-Shaped  Models  of 
8-Inch  Diameter 


being  appri,  "hed,  Mince  squlddlng  velocity  de¬ 
creases  with  it.  ’’  >!•'  uU  porosity. 

4.2.2, 2  The  squlddlng  phenomenon  is  better 
demonstrated  by  Figure  4-4-4,  which  repre¬ 
sents  tests  on  free  fabric  models.  Squlddlng 
occurs  whan  the  pressure  at  the  skirt  acts 
Inward,  causing  a  collapse  of  the  skirt.  When 
the  canopy  la  operating  weU  below  the  squid- 
ding  velocity,  the  pressure  is  more  or  less 
constant  over  the  canopy.  As  the  squlddlng 
velocity  is  approached  by  either  increasing  the 
velocity  or  decreasing  the  suspension  line 
length,  the  pressure  at  the  skirt  approaches 
aero. 

4.2.3  DRAG.  Even  when  pressure  distribution 
is  known,  it  must  still  be  related  to  drag.  If 
the  drag  la  composed  only  of  the  axial  com¬ 
ponent  of  the  pressure  force,  the  drag  will  be 

D*  Ztt  fTmUtprc  drc 
^min 

which,  when  p  equals  constant,  is  equal  to  pSp. 
This  is  the  form  most  generally  used,  because 
the  pressure  differential  p  is  readily  deter¬ 
mined  if  the  drag  is  known.  However,  this  ex¬ 
pression  does  not  take  into  consideration  the 
effect  of  skin  friction  and  the  eddies  around  the 
mouth.  Tests  on  porous  fabrics  and  ribbon  grids 
have  shown  fair  agreement  with  calculated 
values,  especially  with  the  ribbon  grids.  The 
drag  coefficient  of  the  fabric,  however,  is 
somewhat  higher  in  the  higher  porosity  ranges. 

4.2.4  SHAPE.  The  next  general  assumptionused 
Is  that  the  canopy  surface  is  a  surface  of 
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Figure  4-4-3.  Pressure  Distribution  over  Taylor-Shaped  Models 
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Figure  4-4-4.  Pro  aura  Distribution  over  Surface  of  Free  Fabric  Model  of  Taylor  Shape 
as  Affected  by  the  Change  of  Velocity  and  Suspension  Line  Length 


revolution.  For  this  to  be  realized,  the  load 
irom  the  sun  pension  lines  must  be  transferred 
uniformly  into  the  skirt.  However,  this  requires 
a  unique  suspension  line  system.  Because  of 
bulk  and  complexity,  this  assumption  generally 
is  not  considered  a  satisfactory  solution.  In  all 
of  the  other  types,  the  load  is  transferred  into 
the  skirt  at  uniformly  spaced  points,  which 
causes  on  outward  fullness  between  the  main 
radial  seams.  In  the  case  of  a  surface  of 
revolution  Of  known  shape,  both  radii  of  cur¬ 
vature  are  known  over  the  entire  surface.  When 
there  is  a  fullness  in  the  gores,  both  radii  are 
changing  over  the  entire  gore.  Theories  con¬ 
sidering  fullness  have  been  developed.  One 
theory  is  based  on  a  constant  radial  stress 
and  zero  circumferential  stress.  The  surface 
of  the  gore  is  generated  by  a  circle  cf  constant 
radius,  and  it  is  assumed  that  the'  suspension 
lines  taae  up  tne  Tayior  shape.  The  circle  lies 
in  the  plane  containing  the  normals  to  the  pair 
of  lines  at  points  equidistant  from  the  apex. 


Thjoreiically,  there  is  no  transference  of  load 
from  i'u  canopy  to  the  suspension  lineB  at  the 
attk'.lunont  points  and  the  longitudinal  stress 
in  the  canopy  is  reduced  to  a  minimum. 

4.2.5  MATERIAL.  Another  assumption  gener¬ 
ally  made  is  that  the  matorial  Is  inextensible. 
In  many  cases  where  the  fabric  is  nearly  flat, 
as  in  the  case  of  the  vent  area  in  the  Taylor 
shape,  the  tensions  have  to  be  very  high  to 
support  a  load,  as  is  seen  by  the  equation 


*  r  r 
r  n 


4 <2. 5.1  An  extension  of  the  fabric  under  load, 
considering  the  edges  fixed  (that  is,  a  constant 
projected  area),  would  tend  to  increase  the 
curvature,  and  this  in  turn  would  decrease  the 
tension. 
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4.2. 8.2  Still  another  problem  Is  determining 
how  the  canopy  f&bric  resists  the  applied  load. 
In  assuming  a  flexible  shell,  the  material  is 
generally  thought  of  as  a  homogeneous  mate¬ 
rial,  such  as  metal.  However,  fabric  is  not 
homogeneous  hut  is  a  grid  of  warp  and  fill 
yarns.  If  the  load  io  applied  along  the  direc¬ 
tion  of  the  yarns,  either  uniuxially  or  biRyialty, 
the  grid  pattern  remains  undeformed  except  for 
the  elongations,  hut  if  a  uniaxial  load  Is  ap¬ 
plied  at  att  angle  to  either  yarn  direction,  a 
deformation  of  pattern  occurs.  When  the  fabric 
is  considered  to  be  a  homogeneous  material, 
the  loads  are  broken  up  into  components  acting 
along  the  undeformed  yards.  But  since  there  Is 


some  deformation,  the  loads  must  be  divided 
between  the  warp  and  fill  yarns. 

4.2.6  EMPIRICAL  APPROACHES.  In  the  pre¬ 
vious  description  of  analytical  solutions,  vari¬ 
ous  assumptions  were  made  to  simplify  the 
stress  problem.  The  solutions  have  been  limited 
to  a  steady  state  condition  in  which  some,  of 
the  assumptions  are  more  or  less  justified. 
Still,  the  shapes  and  loading  are  not  very  well 
known  for  the  various  types  at  parachute  can¬ 
opies  for  steady  state  descent.  Sven  less  is 
known  about  them  during  the  transition  period 
between  release  into  the  alrstream  and  steady- 
state  descent.  Attempts  are  being  made  at  the 
present  time  to  solve  these  problems. 
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4.2.5.21  Still  another  problem  is  determining 
how  the  canopy  fabric  resists  the  applied  load. 
In  assuming  a  flexible  shell,  the  material  is 
generally  thought  of  as  a  homogeneous  mate¬ 
rial,  such  as  metal.  However,  fabric  is  not 
homogeneous  but  is  a  grid  of  warp  and  fill 
yarns.  If  the  load  is  applied  along  the  direc¬ 
tion  of  the  yarns,  either  unJ axially  or  biaxially, 
the  grid  pattern  remains  uniformed  except  for 
the  elongations,  but  if  a  uniaxial  load  is  ap¬ 
plied  at  an  angle  to  either  yarn  direction,  a 
deformation  of  pattern  occurs.  When  the  fabric 
is  considered  to  be  a  homogeneous  material, 
the  loads  are  broken  up  into  components  acting 
along  the  undefended  yards.  But  since  there  is 


some  deformation,  the  loadB  must  be  divided 
between  the  warp  and  fill  yarns. 

4.2.6  EMPIRICAL  APPROACHES.  In  the  pre¬ 
vious  description  of  analytical  solutions,  vari¬ 
ous  assumptions  were  made  to  simplify  the 
stress  problem.  The  solutions  have  been  limited 
to  a  steady  state  condition  in  which  some,  of 
the  assumptions  a re  more  or  less  Justified. 
Still,  the  shapes  and  loading  are  not  very  well 
known  for  the  various  types  of  parachute  can¬ 
opies  for  steady  state  descent.  Even  leas  is 
known  about  them  during  the  transition  period 
between  release  into  the  alrstreara  and  steady- 
state  descent.  Attempts  are  being  made  at  the 
present  time  to  solve  these  problems. 
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CHAPTER  IV 
SECTION  5 

PARACHUTE  CANOPY  REEFINO  SYSTEMS 


S.  1  GENERAL. 

Canopy  roofing  is  a  term  used  to  describe  a 
method  by  which  the  projected  diameter  of  a 
parachute  canopy  is  reduced  temporarily,  re¬ 
sulting  in  a  reduction  of  the  drag  area  of  the 
canopy. 

8.8  APPLICATIONS. 

Reefing  may  be  applied  to  the  following  opera¬ 
tions: 

a.  Limitation  of  canopy  opening  force  to  a 
predetermined  value  through  opening  at 
predetermined  intervals,  called  disreef¬ 
ing,  or  through  controlled  continuous 
disreefing, 

b.  Attainment  of  a  temporary  high  rate  of 
doncent  by  strong  roofing  to  achieve 
accurate  drops  from  high  altitudes. 

c.  Achievement  of  a  temporary  low-drag 
area  with  largo  landing  brake  para¬ 
chutes  for  planes  and  gliders.  Reefing 
also  allows  such  parachutes  to  bo  used 
as  dive  and  gliding  angle  brake  para¬ 
chutes.  After  leveling  off,  the  parachute 
canopy  is  dlsreefod  and  becomes  a  pow¬ 
erful  landing  brake. 

d.  Use  of  parachutes  as  dive  brakes,  which 
can  be  retracted  and  extended  in  flight 
by  means  of  reefing  methods. 

e.  Increasing  the  stability  of  a  parachute 
canopy,  either  temporarily  for  a  par¬ 
ticular  application,  or  to  adapt  an  avail¬ 
able  parachute  to  an  application  that  re¬ 
quires  increased  stability. 

5.3  REEFING  METHODS. 

5.3.1  SYSTEM  I.  Figure  4-5-1  shows  skirt 
.reefing  System  i.  A  line,  called  the  reefing 
line,  passes  around  the  Bkirt  of  the  canopy 
through  reefing  rings  located  on  the  skirt  at 
each  suspension  line.  The  reefing  line  is  fas¬ 
tened  at  both  ends  and  is  cut  with  a  disreefing 
device  after  a  certain  delay  period.  At  least 
two  disreefing  devices  are  recommended  for 
reliability.  Disreefing  device  M-2,  shown  in 


Figure  6-2-1,  was  developed  for  Air  Material 
Command  by  Ordnance.  Devices  with  time  de¬ 
lays  in  increments  of  2,  4,  6,  8,  and  10  seconds 
are  available.  System  I  is  recommended  for 
purposes  where  the  disreefing  time  is  fixed, 
and  is  not  longer  than  10  sec. 

9,3.2  SYSTEM  II,  For  longer  or  var  iable  periods, 
reefing  System  U,  illustrated  in  Figure  4-9*2, 
is  advisable.  Any  timing  device  that  can  actuate 
a  cutting  piston  may  be  used  to  pert  the  control 
line  and  disreef  tho  canopy.  Hits  method  is 
particularly  adaptable  to  designs  in  which  din  - 
reefing  must  be  a  function  of  several  variables, 
and  requires  a  large  and  complicated  actuating 
device.  Figures  4-8-3,  4-9-4,  and  4-9-9  show 
details  of  reefing  line  and  reefing  cutter  in¬ 
stallation  on  an  aerial  delivery  parachute 
canopy. 

5.4  FORCES. 

9.4.1  The  reefing  Ifni  must  be  designed  to 
withstand  variable  forces,  dependent  upon  the 
percent  of  drag  area  of  the  parachute  canopy 
in  the  reefed  condition  compared  with  the  drag 
area  in  the  fully  inflated  condition. 

5.4.2  Figure  4-5-6  shows  the  skirt  opening 
force  perpendicular  to  the  axis  of  the  parachute 
canopy,  the  force  in  the  reefing  line,  and  the 
force  in  the  control  line.  All  forces  are  plotted 
in  percent  of  the  total  drag  developed  by  the 
reefed  canopy. 

5.4.3  The  reefing  ratio  is  defined  as  the  ratio 
of  drag  area  of  the  reefed  parachute  canopy  to 
the  drag  area  of  the  fully  inflated  ennqpy.  For 
example,  a  canopy  reefed  to  40  percent  of  its 
original  drag  area  will  develop  in  the  reefing 
line  a  force  of  2  percent  of  the  total  drag  de¬ 
veloped  by  the  reefed  parachute  canopy.  (See 
Figure  4-5-6.)  The  forces  in  the  control  lines 
were  measured  on  a  10-foot  diameter  FIST 
ribbon  parachute  towed  behind  an  aircraft  at 
105  knots.  The  forces  in  the  reefing  line  and 
the  skirt  opening  forces  were  calculated  from 
the  forces  measured*  in  the  control  line.  The 
small  amount  at  friction  in  the  reefing  rings 


WADC  TR  55-265 


4-5-1 


REEFING  RINGS 
ON  EVERY 
SUSPENSION  LINE 


/ 

/ 

V 

\ 

\ 

\ 


I 

I 


CROSS  SECTION  OF  REEFING 
RING 


/ 

/ 


i 


/ 

I 


s 

\ 

\ 

V* 

/ 

/ 

/ 


figure  4-5-2.  Canopy  Shirt  Reefing  t 
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Figure  4-5-2,  Canopy  Skirt  Reefing  n  with  Control  Line 
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has  been  neglected.  Since  reefing  and  control 
lines  are  exposed  to  high  abrasion,  a  safety 
factor  of  2.5  for  reefing  and  control  lines  is 
recommended. 

5.5  CALCULATIONS. 

5.5.1  If  the  opening  shock  of  the  requisite 
parachute  canopy  is  too  high,  or  if  a  smaller 
drag  area  is  needed  temporarily,  the  diameter 
of  a  smaller  canopy,  whose  drag  area  will  not 
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exceed  the  opening  shock  or  the  desired 
permissible  drag  area,  must  be  calculated.  The 
permissible  diameter  and  drag  area  of  a  reefed 
canopy  nan  be  determined  as  the  diameter  of  a 
reefing  line,  as  in  the  following  example: 

Cj)  a  drag  coefficient  based  on 
flat  canopy  area 

CD  =  drag  coefficient  based  on  inflated 
P  canopy  area 

D0  =  flat  diameter  of  the 

unreefed  parachute 


4-5-2 


/ 


A  —  Reefing  Line 
B  -  Reefing  Binge 
C  —  Suspension  Line 


The  Photograph  Above  Shows  Point  A  on 
Figure  4-5-8  for  Reefing  System  II.  Two 
Rings  Are  Used  at  This  Pei, it  Cttly;  All  Re¬ 
maining  Suspension  Lines  Carry  Single 
Rings  Attached  to  the  Sbtrt  by  Heavy  Hand » 
Stitching  or  Reinforcing  Webbing, 

Figure  4-5-8.  Attachment  of  Reefing  Rings 

Dd  *,  inflated  (projected)  diameter  of 
the  unreefed  parachute  (0.66  Da) 
(CqS)p  b  drag  area  of  the  unreefed  para- 
°  chute  (based  on  Cd?) 


Di  a  (theoretical)  diam  ¬ 

eter  of  the  reeled  parachute 


Dpi  «  Inflated  diameter  of  the  reeled 
parachute 

Ok  b  diameter  of  reefing  line  of  the 
*  reefed  parachute 

Dj»  b  diameter  of  the  reefing  line  of 
the  fully  inflated  parachute  canopy 

(CjjSJpj  «  drag  area  of  the  reefed  parachute 

Z  a  number  of  gores  or  suspension 

lines 

c  =  ratio  of  reefing  line  diameter  to 

flat  (constructed)  canopy  diam¬ 
eter  =  Dj^D0 


8  »  ratio  erf  reefing  line  diameter  Dr  /D^to 
various  drag  area  ratios  (CjjS)pi/(CDS)p 


3. 5. 1.1  II  a  parachute  with  a  Ciy»  1,05,  of 
2Q  ft.,  with  Z  a  20  (lores,  and  a  drag 
area  (CdS)p  n  146  sq.  ft.,  has  a  permissible 


A  —  Combined  Reefing  and  Control  Line 
B  —  Replaceable  Cut-Line 
C  —  60-Second  Timer  with  Cutting  Piston 

Figure  4-6-4.  Reef  able  Aerial  Delivery 
Parachute  Canopy  With  Reefing  Cutter 
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A  -  Static  Line  to  Aircraft,  for  Opening 
parachute  Pack  and  Arming  Reefing 
cutter 


B  -  Reefing  Cutter 
a  -  Cut-Line 

D  -  Reefing  Cutter  Arming  Line 
B  ■=  Static  Line  to  Ape x  of  Parachute  Campy 
F  —  Static  Line  for  Opening  Parachute  Pack 


Figure  4-8  3.  Packed  Reefable  Aerial 
Delivery  Parachute  and  Container,  with 
Reefing  Cutter  Assembly 


drag  area  reefed  (CqS)^  •  16  sq.  ft.,  the  drag 
area  ratio  then  equals 


(CdS)Pi 

xm^9 


16 

146 


0.108 


Dpj  b  0.68  Dj 

Dpj  »  4.4  ft. 

The  data  in  Figure*  4-5-7,  4-0-6,  and  4-S-B 
have  teen  tested  and  apply  for  all  types  of  flat 
parachutes. 

9.6  REEFING  RINGS. 

9.6.1  The  use  of  flat  cross  section  reefing 
rings,  as  shown  in  Figure  4-8*10,  is  very  im¬ 
portant,,  since  the  surface  aren  presented  pre¬ 
vents  any  hinging  action  in  the  ring,  with 


.30 


80 


10 


OPENING  FORCE  (I)  FORCE  IN  THE 
REEFING  LINE  (II)  AND  IN  THE 
CONTROL  LINE  (III)  IN  PERCENT  OF 
THE  DRAG  OF  THE  REEFED  PARACHUTE 
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RATIO  OF  PARACHUTE  REEFING 


[ce9)P. 


Therefore,  for  20  Gores,  c  «  0.61.  (See  Figure 
4-8-8.) 


Figure  4-5-6.  Shirt  Reefing;  Reefing  Line, 
Control  Line,  and  Shirt  Opening  Forces 


8.8. 1.2  For  a  drag  wee  ratio  of  0.108,  8  ■  0.194. 
(See  Figure  4-8-6.) 

5.8.1. 3  With  thin  data,  the  diameter  of  the 
reefing-line  circle  may  be  determined: 

DRj  ■  D* 8 

Dr  «  20  x  0.81  x  0.184  «  2.36  ft. 

1 

5.5.2  Hie  theoretical  and  Inflated  diameter  of 
the  reefed  parachute  can  also  be  calculated 


MOVEMENT  OF  CONTROL  LINE  IN  %OF 
FLAT  DIAMETER 

Figure  4-5-7.  Relative  Drag  Versus  Relative 
Control  Line  Setting 
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consequent  binding  of  tho  reeling  line  between 
the  ring  and  the  skirt  of  the  parachute.  Use  of 
round  cross  section  reding  rings  should  be 
avoided,  as  failures  may  occur. 

5.T  GENERAL  DATA. 

To  prevent  twisting,  reeled  parachute  canopies 
should  always  be  slightly  inflated,  since  sta¬ 
bility  wiU  be  increased  markedly.  The  diam¬ 
eter  of  the  reefing  line  should  thus  be  not  less 
than  10  percent  of  the  flat  diameter  for  small 
parachute  canopies,  nor  less  than  I  percent  of 
the  flat  diameter  for  larger  parachute  canopies. 


.RATIO  o  • 
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WigHTO  4-5-8.  Ratio  c  Versus 
HumHr  of  Gores 


(C08^  ■  DRAG  AREA  Of  RfiCPED  PARACHUTE. 
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Db  •  OIA.  OPREEPING  LINE  OP  REEFED 
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REEFING  LINE  DIAMETER  PATIO  c f  • 

Figure  4-5-9.  Drag  Area  Ratio  Versus 
Reefing  Line  Diameter  Ratio 
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CHAPTER  V 

PARACHUTE  DESIGN  AND  CONSTRUCTION  CHARACTERISTICS 


The  state  of  the  art  o t  parachute  design  has  been  advanced  In  recent  years  to  the  status  in  which 
sufficient  recorded  experience  exists  to  enable  the  parachute  designer  to  take  an  analytical  approach 
to  new  design  problems.  However,  the  parachute  performance  parameters  are  extremely  complex 
In  detail  and  subject  to  conditions  of  application  which,  In  the  end,  may  be  so  random  that  the  de¬ 
termination  of  the  success  with  which  the  design  is  carried  out  usually  becomes  a  matter  for 
statistical  evaluation  over  a  considerable  period  of  time.  In  other  words,  even  if  a  parachute  design 
has  been  completed  and  the  parachute  manufactured,  tests  should  be  conducted  to  verify  its  per¬ 
formance  and  design  characteristics. 

A  number  of  design  criteria  are  available  which  permit  the  designer  to  determine  at  the  outset,  if 
not  a  completely  new  parachute  design,  then,  what  modifications  of  an  established  design  can  be 
made  to  effect  his  purpose,  within  the  limits  of  attainable  performance.  The  knowledge  of  these 
design  criteria  is  tArgely  due  tn  the  more  exacting  requirements  for  parachutes  applicable  to  a 
variety  of  deceleration,  stabilisation,  and  recovery  installations  on  high  performance  aircraft, 
supersonic  missiles,  and  research  rockets. 

Hie  purpose  of  this  chapter  is  to  present  the  most  important  design  criteria  for  die  design  of 
parachute? 9,  together  with  a  variety  of  design  details  and  details  applicable  to  the  fabrication  of 
parachutes. 
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SECTION  I 

PARACHUTE  SELECTION  CONSIDERATIONS 


1.1  GENERAL. 

Parachute  canopy  selection  for  any  particular 
application  will  be  a  compromise  in  anme  re¬ 
spects.  High  drag  and  high  stability  will  not 
b«  found  In  the  same  parachute  canopy.  High 
strength  means  increased  weight  and  bulk.  In 
genoral,  the  design  of  any  parachute  must  be 
based  on  the  particular  application.  Since  there 
la  a  large  range  of  applications  and  canopy 
types,  there  Is  a  decided  advantage  to  being 
able  to  narrow  consideration  for  any  one  appli¬ 
cation  to  two  or  three  canopy  types.  In  moat 
cases,  the  performance  characteristics  required 
will  immediately  exclude  certain  types  of  cano¬ 
pies  from  consideration. 

1.2  CONSIDERATIONS  FOR  THE  SELECTION 
OF  A  CANOPY  TYPE. 

1.3,1  CONSIDERATIONS .  The  following  consi¬ 
derations  must  be  given  to  any  parachute  selec¬ 
tion.  Hie  considerations  are  not  necessarily 
in  the  order  erf  importance,  since  the  order 
will  charge  with  the  particular  application. 
Also,  It  is  not  possible  for  any  one  parachute 
to  be  Ideal  for  every  consideration.  Therefore, 
good  parachute  uosign  requires  the  best  possible 
compromise  in  *  ’  final  product. 

a.  Chat  ;,cter  istics  of  the  parachute  canopy 
itsell,  such  as  rate  of  descent;  drag 
coefficient  and  change  In  drag  coeffi¬ 
cient  with  rate  of  descent;  rapidity  of 
canopy  opening;  squidding  and  critical 
opening  speed;  opening  shock;  stability, 
and  stability  change  at  various  rates 
of  descent;  and  maximum  deployment 
speed. 

b.  Limitation  of  space,  shape,  and  weight, 
as  determined  by  the  particular  appli¬ 
cation. 

c.  Method  of  deployment. 

d.  Reliability  requirement. 

e.  Initial  cost. 

f.  Upkeep  cost, 

g.  System  variation  possibilities,  which 
are:  ground  shock  absorption  devices 
to  permit  an  increase  in  rate  of  descent, 
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or  to  afford  required  cushioning;  reef¬ 
ing  control  for  opening  shock  reduction 
or  drag  variation;  canopy  clustering  or 
staging;  requirements  for  special  de¬ 
vices,  such  as  automatic  timers  and 
disconnect  a;  and  the  effect,  U  any, 
the  configuration  of  the  load  has  on 
the  parachute  canopy  behavior  during 
deployment  or  descent. 

1.2,2  SELECTION  OF  CANOPY.  Parachute  de¬ 
signers  can  generally  benefit  by  selecting  a 
canopy  type  that  has  proven  performance  charac¬ 
teristics.  New  and  theoretical  approaches  are 
desirable,  but  the  cost,  development  time  and 
facility  requirements  for  testing  are  generally 
prohibitive. 

As  stated  previously,  a  major  consideration  lit 
selecting  a  particular  canopy  typo  wiU  probably 
be  the  purpose  for  which  it  1b  intended.  It  Is 
therefore  convenient,  In  order  to  aid  in  the 
selection  of  a  parachute  canopy,  to  classify 
parachute  usn:i  and  applications  according  to 
basic  functions,  bn  this  tabulation,  two  or  more 
of  the  basic  functions  appear  in  most  applica¬ 
tions;  huwever,  emphasis  is  placed  here  on 
Lite  im  imary  fiuu.U~n  which  governs  tho  selection 
and  design. 

1.2.2. 1  Parachute  Applications  (Functions). 

1.2.2. 1.1  Steady  or  Controlled  Descent. 

a.  Personnel. 

b.  Aerial  Delivery. 

c.  Drone,  missile  or  component  re¬ 
covery,  or  both. 

d.  Aircraft  dive  and  landing  approach 
control. 

e.  Mines,  flares,  and  others. 

1.2.2. 1.2  Deceleration. 

a.  Aircraft  in-flight  and  landing  roll 
control. 

b.  Drone,  missile  and/or  component 
recovery. 
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c.  Aircraft  emergency  escape  devices. 

d.  Auxiliary  wheels. 

1.2.2. 1.3  Stabilisation. 

a.  Missiles,  bomba,  torpedoes. 

b.  Aircraft  emergency  escape  devices, 

1.2.2. 1.4  Extraction. 

a.  Aerial  Delivery  loads, 

b.  Aircraft  component  separation,  fuel 
tanks, 

c.  Parachute  pack  (by  pilot  chute). 

1.2.2, 2 Secondary  Functional  Requirements.  The 
type  of  application  and*  to  a  lesser  extent, 
the  parachute  canopy  type  selected,  together  may 
determine  the  interrelation  between  various 
other  techniques,  components,  and  auxiliary 
equipment,  such  as  method  w  release  or  ejection, 
method  of  packing,  type  of  deployment,  construc¬ 
tion  of  deployment  bag  (if  required),  type  and 
else  of  pilot  chute,  and  length  and  construction 
of  riser  and  harness.  These  requirements, 
however,  have  little,  if  any,  Influence  upon 
canopy  design.  The  ma)or  considerations  which 
will  govern  the  choice  of  a  method  or  construc¬ 
tion  of  a  component  are  absolute  reliability 
and  serviceability,  with  the  widest  practical 
margin  of  safety. 

1.2.2.3  Operational  Conditions  for  the  Para¬ 
chute.  For  each  parachute  application,  perform¬ 
ance  requirements  are  generally  given,  which 
must  be  defined  quantitatively  in  terms  of 
maxima  and  minima.  Generally,  the  knowledge 
of: 


a.  Qross  load  range. 

b.  Deployment  speed  range. 

c.  Altitude  range. 


is  required  to  determine  the  strength  charac¬ 
teristics  of  the  parachute.  The  margin  of 
safety  of  the  parachute  may  be  loosely  defined, 
in  relation  to  these  conditions,  as  the  percent¬ 
age  by  which  the  maxima  and  minima  may  bo 
extended  beyond  those  specified  without  failure 
resulting. 

In  addition  to  the  conditions  stated  above,  the 
following  operational  characteristics  must  be 
known  to  determine  canopy  type  and  sice: 

a.  Rate  of  descent. 

b.  Oscillation  limits. 

c.  Allowable  gravitational  force  limita¬ 
tions  of  load. 

d.  Allowable  weight  of  parachute. 

e.  Allowable  volume  of  parachute. 

1.2, 2.4  Applicable  Canopy  Types.  Canopy  type 
selection  may  now  be  made  on  the  basis  of 
the  primary  functional  requirements  and  the 
desired  operational  conditions  outlined  above. 
Canopy  types  and  their  limitations  are  listed 
In  Chapter  II.  Considerations  such  as  previous 
operational  experience,  drag  efficiency,  reli¬ 
ability,  and  opening  shock  factor,  may,  however, 
further  limit  the  choice.  If  the  design  conditions 
are  not  within  the  range  of  test  experience  and 
the  Available  performance  data  for  tho  canopy 
type  selected,  further  canopy  development  will 
be  required. 
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CHAPTER  V 


SECTION  2 

PARACHUTE  DESIGN  CONSIDERATIONS 


2.1  DRAG  OF  PARACHUTE  CANOPIES. 


Type  Parachute  Canopy  Drag  Coefficient 


The  drag  of  a  bluff  shape,  such  as  that  ef  an 
Inflated  parachute  canopy,  is  generally 


D  o  cd  «j  8 


wherein  cD  8  o  drag  area 

q  n  o.fl  t  v*  dynamic  pressure. 

Thus,  the  drug  depends  upon  tho  sice,  repre¬ 
sented  by  a  suitable  areas,  the  dynamic  pressure 

S,  and  the  canopy  shape,  which  essentially 
eterminos  the  value  of  the  coefficient  cq. 


Two  areua  are  generally  representative  for  the 
size  of  a  parachute  canopy,  the  area  of  the  canopy 
projected  in  axial  direction,  Sp,  and  the  developed 
area  of  the  material  forming  the  canopy,  So. 
The  drag  cof.'i  tont  Cjj,  based  on  the  projected 
canopy  area,  ia  used  for  Ribbed  and  Ribleas 
Guide  Surface  canopies  only,  while  the  coeffi¬ 
cient  cn  ,  based  on  tho  total  area,  is  used  tor 
*  n 

all  other  types  of  canopies. 

The  valuo  of  the  drag  coefficient  depends  primar¬ 
ily  upon  the  shape  of  the  Inflated  parachute 
canopy  and  the  porosity  of  the  material  used. 
The  shape  la  a  complex  function  of  the  canopy 
design,  depending  on  parameters  such  as  the 
type  at  construction,  suspension  line  length, 
size  and  weight  of  the  canopy,  and  the  speed  of 
operation.  The  porosity  not  only  alfects  the  drag 
directly,  It  also  has  art  important  influence 
upon  the  dynamic  behavior  (flow  pattern)  of  the 
canopy.  Oscillating  or  gliding,  or  both,  paraenute 
canopies  have  considerably  higher  drag  coeffi¬ 
cients  than  the  more  stable  types. 


a.  Flat  Circular 

®n  " 
uo 

b.  Extended  Skirt 

CD(-  “  0-70 

c.  Guide  Surface 

en  o  0.96 

(Stabilisation) 

d.  Guide  Surface 

fin  b  0.80 

(Rtbless) 

e.  Guide  Surfrce 

CDn  °  0*T2 

(Personnel) 

I/O 

f.  Rotafoil 

Cn  B  0.78 

g.  Shaped 

eDn  u  0.80 

(Conic  al) 

h.  FIST  Ribbon 

CDC  “  0.50 

1.  Ring  slot 

CD0  "  0*8® 

2.2  DRAG  EFFICIENCY. 


Drag  efficiency  of  a  parachute  canopy  may  be 
defined  by  two  expressions,  depending  upon 
whether  weight  or  bulk  is  the  critical  design 
consideration. 


Weight  -  drag:  ijw  a  ^ 


F  k  -  drag:  vy  *» 

VP 

Wherein  Wp  =  total  weight  of  parachute  canopy 
Vp  a  total  volume  of  parachute  canopy. 


Experimental  values  of  the  drag  coefficients 
are  listed  in  Chapter  II.  For  preliminary  cal¬ 
culations,  the  following  values  for  drag  co¬ 
efficients  may  be  used: 


In  order  to  establish  a  basis  of  comparison 
for  different  canopy  types,  it  is  advisable  to 
assume  the  same  structural  margin  of  safety 
relative  to  the  opening  shock  under  identical 
deployment  conditions.  It  can  then  be  seen 
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2.4  PARACHUTE  CANOPY  LOADING. 


that  a  parachute  canopy  with  a  good  drag  co¬ 
efficient  and  a  high  opening  shock  character¬ 
istic  may  have  a  poor  drag  efficiency  because 
of  the  greater  strength  of  materials  required. 
This  method  may  facilitate  the  selection  of  a 
canopy  type  by  determining  which  of  several 
different  canopies  designed  lor  the  same  pur¬ 
pose  provide  the  required  drag  performance 
for  the  least  weight  and  bulk  of  material. 

The  (act  that  otherwise  equivalent  parachute 
canopied  differ  greatly  in  drag  efficiency  may 
be  attributed  largely  to  the  differences  in 
canopy  geometry.  Hits  difference  in  canopy 
geometry,  which  changes  the  total  cloth  area 
without  proportionally  affecting  the  drag  co¬ 
efficient,  may  be  made  for  the  purpose  of  effect¬ 
ing  improvements  in  canopy  performance,  such 
as;  to  increase  stability,  reduce  opening  shock, 
reduce  local  fabric  stresses,  or  gain  better 
controllability. 

2.3  RATE  OF  DESCENT. 


When  using  parachutes  In  vertical  descents,  the 
terminal  vertical  velocity  follows  from 


V0 


6 


aw 


Wherein  W,  a  weight  of  suspended  load  and 
parachute. 


It  is  to  be  noted  that  generally  the  volocity 
Ve  is  taken  to  be  the  vertical  component  of 
the  parachute  motion  against  the  earth. 


For  convenience,  Figure  6-2-1  has  been  plotted, 
indicating  the  canopy  diameter  D  required  as 
a  function  of  the  total  weight  W,  for  various 
rates  of  descent  v«,  and  for  a  drag  coefficient 
cd  a  l.  Note  that  D  and  Cp  have  to  be  defined 
to  be  consistent  with  each  other,  referring  to 
one  and  the  same  area  (S  or  Sq),  For  drag 
coefficient  different  from  1,  the  required  dia¬ 
meter  is  proportional  to  1/f'cji,  as  indicated 
in  the  left  hand  side  of  the  chart. 


In  case  of  parachute  operation  at  altitudes  higher 
than  sea  level,  the  reduced  value  of  the  air 
density  p  is  very  Important.  The  ratios  of 
p/pQ  and  Y  p  f/p  have  been  plotted  in  Figure 
5-2-2.  The  terminal  velocity  of  a  parachute 
suspended  load  (as  found,  for  example,  In  Figure 
5-2-1)  is  proportional  to  the  root  term. 


Parachute  canopy  loading  may  be  defined  as 
the  ratio  of  maximum  force  (Fq)  to  the  drag 
area  of  the  canopy  (cpS),  This  ratio  is  generally 
applied  for  parachute  canopy  design  considera¬ 
tion.  The  canopy  loading  under  terminal  velocity 
conditions  may  be  defined  as  the  ratio  of  total 
weight  (F  a  W)  to  the  drag  area  of  the  canopy 
(Cp8).  Under  terminal  velocity  conditions,  a 
certain  canopy  loading  will  always  glveacertab. 
rate  of  descent,  independent  at  canopy  size 
or  weight  involved.  This  relationship  can  bo 
seen  by  considering  this  formula  for  rate  of 
descent 


The  above  formula  is  graphically  presented  In 
Figure  8-2*3.  Typical  parachute  canopy  loadings 
versus  rate  of  descent  are  plotted  in  thiq  figure 
for  all  parachute  applications.  For  aircraft 
approach  and  landing  deceleration  parachute 
applications,  these  figures  are  of  theoretical 
value  only;  however,  this  graph  gives  an  indica¬ 
tion  with  respect  to  the  calculation  of  parachute 
canopy  opening  forces  in  that  parachute  applica¬ 
tions  having  a  terminal  velocity  of  ovor  100 
ft./sec.  may  be  considered  as  Infinite  mass 
cases.  Personnel,  aerial  delivery,  and  final  Btage 
missile  recovery  parachute  canopies  have  final 
rates  of  descent  from  16  to  50  ft./sec.  and  a 

canopy  loading  (g^)  from  0.3  to  3.0  lb./ft.a 

Parachute  canopies  with  canopy  loadings  between 
3.0  and  25  Ib./ft.®  are  used  in  Ordnance  appli¬ 
cations  for  stabilization  or  deceleration  pur¬ 
poses.  For  all  other  applications,  parachute 
canopy  loadings  are  higher.  These  applications 
may  be  treated  as  infinite  mass  cases. 


While  differences  in  canopy  loadings  under 

.  W 

terminal  velocity  conditions  (- — ;,)  must  be 

CD  s 


considered  in  canopy  design  because  they  esta¬ 
blish  limits  on  canopy  porosity,  construction, 
and  stability,  design  strength  of  parachute  cano¬ 
pies  is  largely  governed  by  the  instantaneous 


Fr 


canopy  loading  (j^g).  For  FIST  ribbon  type 


parachute  canopies,  the  required  strength  of 
ribbons  for  a  given  gore  base  width  and  in¬ 
stantaneous  canopy  loading  is  fairly  well  know;;. 
(See  Figure  5-3-3.)  For  solid  cloth  parachute 
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Figure  5-2-2.  Variation  of  Air  Density  Ratio  «r  with  Altitude 
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canopies,  these  dependencies  are  being  esta¬ 
blished. 

2.5  SCALE  EFFECT. 

The  absolute  size  of  the  parachute  canopy  is 
defined  by  the  required  drag  area,  when  the 
drag  coefficient  is  known.  Hie  required  area  may 
be  divided  among  two  or  more  canopies  to 
lorm  a  cluster.  This  is  generally  advisable 
if  the  resultant  canopy  diameter  is  larger  than 
is  considered  desirable  or  practical  from  the 
standpoint  of  serviceability.  Parachute  canopies 
in  a  cluster  are  usually  of  equal  size. 

When  parachute  canopies  are  used  in  dusters, 
a  small  loss  of  efficiency  In  the  function  of 
the  canopies  will  be  encountered.  This  decrease 
in  efficiency  is  believed  to  result  from  the  de¬ 
crease  in  projected  area  of  the  individual 
canopies  due  to  their  canted  attitude  during 
descent,  and  also  from  a  decrease  in  their 
gliding  and  oscillating  tendencies. 

If  the  scale  for  a  particular  parachute  canopy 
is  increased,  the  following  changes  in  canopy 
performance  will  generally  result: 

a.  The  drag  coefficient  decreases 

b.  Filling  time  of  the  canopy  increases 

c.  Canopy  stability  Improves 

d.  The  critical  opening  velocity  decreases. 

2.6  POROSITY. 

The  porosity  of  a  parachute  canopy  arises  from 
the  openings  in  the  canopy  through  which  air 
can  flow.  These  openings  are  generally  of 
two  types: 

a.  The  air  permeability  of  the  canopy  fabric 

b.  Openings  deliberately  constructed  in  the 
canopy. 

Since  the  fabric  is  elastic,  the  pores  and  other 
openings  through  the  fabric  generally  tend  to 
increase  in  area  with  increasing  air  pressure. 
It  is  therefore  important  to  know  the  porosity 
characteristics  of  parachute  canopy  material 
over  the  full  range  of  dynamic  pressures  to 
which  it  may  be  subjected  during  application. 
This  range  extends  from  approximately  0.5 
lb./ft.2  to  8000  lb. /ft. 2  and  corresponds  to 
velocities  starting  at  20  ft./sec.  and  approach¬ 
ing  Mach  3.  Fabric  porosity  is  commonly 
expressed  as  the  volume  of  air  flowing  through 
a  unit  area  in  a  unit  time  at  a  specified  con¬ 
stant  pressure  differential  (ft.3/min./ft.2).  Fa¬ 
bric  porosity  versus  differential  pressure  for 
three  types  of  parachute  material  is  shown  in 
Figure  5-2-4. 


The  major  effect  of  porosity  during  parachute 
canopy  operation  is  upon  canopy  opening.  Suc¬ 
cess  or  failure  of  canopy  openings  is  generally 
determined  by  the  volume  of  air  released 
through  the  canopy  due  to  porosity  and  the  limited 
inilow  of  air  due  to  the  choking  effect  of  the 
canopy  skirt.  Therefore,  in  order  to  obtain 
positive  canopy  inflation  in  the  case  of  solid 
fabric  canopies,  a  balance  has  to  be  maintained 
between  air  flow  into  the  canopv  and  air  loss 
due  to  fabric  porosity  and  the  vent  openlng(n). 

Geometric  opening,  in  addition  to  the  vent, 
are  built  into  some  types  of  canopies.  These 
canopy  types  derive  their  performance  charac¬ 
teristics  from  careful  selection  and  spacing  of 
opening?.  For  these  types  of  canopies,  porosity 
is  defined  as  geometric  porosity 

wherein  8_  *  total  area  of  openings  in  canopy 
8  *  d  area  of  canopy. 

The  effect  of  geometric  porosity  is  felt,  in 
proportion  to  its  contribution  to  total  porosity, 
only  when  It  is  distributed  uniformly  through 
many  small  openings,  as  in  the  ribbon  typo 
canopies. 

2.7  STABILITY. 

As  stated  before,  good  stability  in  a  parachute 
canopy  1b  obtained  at  the  price  of  reduced  drag 


Figure  5-2-4.  Fabric  Porosity  versus 
Differential  Pressure 
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efficiency.  Therefore,  during  the  design  phase, 
it  is  important  to  carefully  assess  the  require¬ 
ments  of  each  particular  application  in  terms 
of  the  ratio  of  stability  gains  versus  efficiency 
losses.  This  may  then  load  to  a  revision  of 
the  possibly  over-stringent  stability  range  re¬ 
quirements. 

A  near  approach  to  absolute  dynamic  stability 
Is,  in  most  cases,  necessary  only  for  such 
parachute  applications  as  bomb  stabilization. 
For  certain  Application,  undamped  oscillations 
or  erratic  gliding  during  descent  may  not  be 
objectionable.  For  the  great  majority  of  first 
stage  missile  recovery  applications,  undamped 
oscillations  erf  up  to  *2”  can  be  tolerated.  For 
other  parachute  applications,  a  range  of  oscil¬ 
lation  of  up  to  *8”  is  considered  tolerable. 
While  tho  objective  for  aerial  delivery  systems, 
final  stage  missile  recovery,  and  personnel 
applications,  in  to  reduce  the  incidence  of 
damage  and  injury  caused  by  swinging  impact 
with  the  ground,  stability  ranges  of  between 
*8“  and  *20°  are  adequate,  ina  majority  of  cases, 
for  these  applications. 

Generally,  stability  of  parachute  canopies  de¬ 
teriorates  with  decreasing  velocity.  Hits  tend¬ 
ency  may  bo  caused  by  a  reduction  of  restoring 
moment  of  tho  suspended  load,  together  with 
an  increased  tendency  of  the  canopy  to  glide. 


2.8  CRITICAL  OPENING  VELOCITY  AND 

OPENING  SHOCK. 

For  reasons  of  safety,  the  critical  opening 
velocity  of  parachute  canopies  having  canopy 
loadings  under  terminal  velocity  condition  of 
over  100  lb,/it.a  must  be  somewhat  greater 
than  the  anticipated  deployment  velocity.  Others 
may  have  critical  opening  velocities  below 
maximum  anticipated  deployment  velocity,  but 
sufficiently  higher  than  terminal  velocity  for 
inflation  to  be  assured.  Reliability  requirements 
and  minimum  opening  time  may,  however,  dictate 
that  critical  opening  velocity  be  approximately 
equal  to  or  above  anticipated  deployment 
velocity. 

With  respect  to  critical  opening  velocity,  the 
governing  design  parameters  for  a  parachute 
canopy  are: 

1 1.  Total  porosity  of  canopy 

b.  Distribution  of  canopy  porosity 

c.  Shape  of  the  canopy  mouth. 


Generally,  the  shape  of  the  canopy  mouth  during 
inflation  is  influenced  by  various  geometrical 
factors,  such  as  the  shape  of  the  gore  pattern 
and  the  length  of  suspension  lines.  Since  a  cer¬ 
tain  amount  of  skirt  slackness  exists  between 
suspension  lines  prior  to  canopy  inflation,  it 
is  difficult  to  either  control  canopy  mouth 
shape  or  predict  the  effect  of  such  inflation 
promoting  devices  as  pocket  bands.  Pocket 
bands  are,  however,  effective  in  getting  canopy 
inflation  started  by  limiting  the  inward  fold  of 
the  slack  skirt  material.  If  canopy  inflation  has 
started,  it  will  continue  to  a  slate  whore  either 
equilibrium  is  realised  between  the  volume  u“ 
air  flowing  into  the  canopy  through  its  mouth 
and  that  flowing  out  through  the  fabric  pores 
or  other  openings,  or  where  equilibrium  is 
reached  between  internal  pressure  and  struc¬ 
tural  tension. 


Several  methods  of  improving  opening  charac¬ 
teristics  of  parachute  canopies  have  boon  trlod 
in  the  past,  with  varying  degree  of  success. 
Among  those  methods  are:  adding  pocket  bonds 
at  the  canopy  skirt  between  adjacent  ekirt  sec¬ 
tions  serosa  suspension  lines;  lengthening  sus¬ 
pension  lines;  substituting  canopy  crown  mate¬ 
rial  with  low  porosity  fabric;  or,  adding  external 
air  pockets  to  the  skirt.  In  the  case  of  the 
guldo  surface  type  parachute  canopieB,  and  other 
shaped  gore  canopies,  opening  characteristics 
are  to  a  certain  extent,  a  function  of  gore  shape. 
Primarily,  however,  opening  characteristics  are 
dependant  upon  porosity.  Solid  cloth  canopy 
designs  with  inverted  conical,  or  Inward  curving, 
skirts  are  more  sensitive  to  porosity  than  the 
riobon  type  designs.  A  small  increase  in  poros¬ 
ity,  duo  eithor  to  opening  shock  damage  or  to 
variations  in  textile  weave,  can  reduce  the  criti¬ 
cal  opening  velocity  below  a  safe  level.  For 
this  reason,  very  little  geometric  porosity  can 
be  utilized  or  tolerated  in  such  canopies  as 
the  guide  surface  and  extended  skirt  parachute 
canopy  types.  On  the  other  hand,  geometrically 
porous  canopy  designs,  such  as  those  of  the 
ribbon  family,  in  which  the  total  porosity  re¬ 
quired  for  stability  is  close  to  the  critical  limit, 
are  sensitive  to  variations  in  fabric  porosity. 


When  considering  parachute  canopy  opening 
shock,  canopy  filling  time  is  a  major  factor. 
The  fiJllnrr  m,  of  a  parachute  canopy  may 
be  increased  u,  ..icre&sing  the  total  porosity 
of  the  canopy,  or  by  shaping  the  gores  to 
curve  inward  to  retard  the  opening  rate  of  the 
canopy  mouth.  Another  method  used  to  increase 
canopy  filling  time  is  skirt  reefing. 
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2.9  CANOPY  GEOMETRY. 


When  considering  the  eifeet  o i  canopy  geometry 
upon  canopy  performance,  attention  should  be 
paid  to  the  fact  that  canopies  of  large  diameter 
are  neither  geometrically  nor  mechanically 
similar  to  canopies  of  small  diameter,  even 
though  they  may  be  of  the  same  basic  design. 
This  may  be  explained  by  means  of  two  factors 
associated  with  the  scale  effect,  namely,  the 
number  of  gores  varies,  and  the  weight  and 
flexibility  of  the  materials  vary.  This  consider¬ 
ation.  serves  to  point  out  again  that,  even  if 
the  geometry  of  a  parachute  canopy  nag  been 
found  suitable  by  constructing  and  testing  small¬ 
er  scale  models,  full  sise  parachute  canopies 
should  also  be  drop  tested. 

The  Inflated  profile  of  a  typical  circular  para¬ 
chute  canopy  is  shown  in  Figure  5-2-9.  This 
profile  is  that  of  the  radial  seam,  or  nib, 
and  no  attempt  has  been  made  to  Indicate  the 
profile  of  the  panel  bulges  between  ribs.  Be¬ 
cause  of  the  panel  bulges,  the  profile  shown 
represents  the  limiting  shape  with  an  Infinite 
number  of  gores.  However,  a  canopy  designed 
as  a  surface  of  revolution  usually  does  not, 
because  of  tho  gore  shape,  pull  in  appreciably 
at  the  skirt  and  so  shows  the  least  variation 
in  profile  with  number  of  gores. 

The  skirt  lip  will  be  tangent  to  the  suspension 
lines,  if  it  is  assumed  that  no  bending  stresses 
are  present.  Under  this  assumption,  the  canopy 
skirt  assumes  a  negative  angle  of  incidence. 
This  negative  angle  is  at  this  point,  half  the 
angle  enclosed  by  the  suspension  lines.  The 
negative  angle  of  incidence  of  the  skirt  and. 
more  important,  the  length  of  the  conical 
surface  to  the  tangenoy  point,  have  a  strong 
influence  upon  several  important  character¬ 
istics.  As  the  length  of  the  conical  surface 
is  increased,  the  critical  opening  velocity  is 
reduced,  canopy  filling  time  is  increased,  open¬ 
ing  shock  is  reduced,  the  average  angle  of 
oscillation  is  decreased,  tho  damping  character¬ 
istics  are  improved,  and  the  ratio  of  Dp  to 
Da  is  increased.  These  effects  appear  in  varying 
degrees  in  the  performance  of  the  extended 
skirt  and  guide  surface  type  canopies.  Ingeneral, 
the  smaller  the  relative  canopy  mouth  becomes, 
the  lower  the  allowable  porosity  of  the  canopy 
becomes,  if  the  critical  opening  velocity  is  to 
be  maintained  at  a  safe  value.  Because  of  the 
scale  effect,  this  trend  becomes  more  pro¬ 
nounced  as  the  diameter  is  increased,  but  beyond 
a  certain  point  the  area  of  conical  surface 
extension**  required  for  stability  and  other  de¬ 
sirable  performance  characteristics  dimin- 


Figure  5-2-3.  Inflated  Profile  of  a 
Typical  Circular  Parachute  Canopy 


isheB,  approaching  aero  for  very  largo  para¬ 
chute  canopies.  Experience  Indicates  that  this 
limit  is  reached  when  the  diameter  approaches 
80  ft. 

Other  geometric  shape  factors  associated  with 
the  skirt  of  circular  canopies  can  be  observed 
to  a  marked  degreo  in  the  performance  of 
ribbed  and  rlbless  guide  surface  type  parachute 
canopies.  Here,  the  pronounced  bulges  or  lobes, 
as  well  as  the  high  rate  at  which  the  crown 
profile  breaks  away  from  the  tangency  point 
on  the  conical  surface  (thus  producing  a  flat¬ 
tened  top),  determine  to  a  large  degree  the 
performance  characteristics  cf  this  type  of 
canopy.  In  these  canopies,  the  separation  line 
between  crown  and  conical  surface  can  be  con¬ 
sidered  a  flow  separation  edge,  which  creates 
the  same  effect  as  that  obtained  through  the 
use  of  high  porosity  fabric. 

2.10  STRENGTH. 

The  precise  determination  of  parachute  strength 
is,  at  present,  partially  handicapped  by  a  lack 
of  accurate  quantitive  data;  therefore,  parachute 
design  relative  to  strength  can  only  be  approxi¬ 
mated.  Strength  criteria  unavoidably  entail  two 
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closely  related  considerations,  namely,  weight 
and  bulk.  Those  cons  /Jer  at  ions  relate  primarily 
to  the  selection  of  existing  parachute  canopy 
types  of  the  weight  class  required.  What  is 
more  Important,  however,  is  to  insure  that 
all  detail  requirements  are  so  Integrated  that 
a  parachute  structure  of  maximum  efficiency 
can  be  produced. 

The  overall  strength  requirements  for  a  para¬ 
chute  canopy  and  other  components  are  readily 
established  by  applying  a  design  factor  to  the 
allowable  maximum  opening  shock.  This  design 


factor  is  commonly  specified  in  relation  to  the 
particular  application,  either  to  limit  the  maxi¬ 
mum  deceleration  Imposed  upon  the  suspended 
load,  or  to  limit  the  structural  weight  required  j 

in  all  components  of  the  system.  At  present, 
dependency  is  placed  upon  tensile  tests  to  do-  j 

structton  of  structural  samples,  combined  with 
drop  tests  of  the  complete  assembly,  to  demon-  i\i 

strate  that  a  margin  of  safety  exiBts  for  the  given 
design  conditions.  Insofar  as  the  suspended  load  , 

alone  is  affected,  an  additional  margin  of  safety  is 
provided  by  the  ability  of  the  parachute  to  sustain 
extensive  damage  and  still  function  properly. 


CHAPTER  V 


SECTION  3 

PARACHUTE  DESIGN  DETAILS 


3.1  GENERAL. 

Hie  physical  differences  between  the  various 
parachute  types  are  primarily  those  of  construc¬ 
tion  and  detail  geometry.  For  all  parachutes, 
materials  and  fabrication  methods  are  more 
or  less  uniform.  A  iew  parachute  types  also 
employ  special  members,  devices,  or  auxiliary 
mechanisms,  which  affect  the  performance  char¬ 
acteristics,  method  of  control,  and  installation 
requirements. 

3.?,  PARACHUTE  CANOPY. 

A  parachute  canopy,  by  definition,  consists  of 
the  drag  producing  surface  (cloth  area)  ami  the 
suspension  lines.  The  more  common  types  of 
drag  producing  surface  are  divided  into  identical 
gores,  which  are,  in  turn,  dived  into  sections. 
The  shape  of  the  gores  determines  both  the 
constructed  and  the  inflated  shape  of  the  drag 
producing  surface.  The  gores  may  bo  construe  ted 
of  solid  fabric,  or  of  some  geometric  pattern 
of  fabric  strips  or  ribbon.  The  gores  are  joined 
by  a  radial  seam  running  from  the  vent  to  the 
skirt.  Because  the  suspension  linos  are,  in 
a  majority  at  cases,  attached  to  the  skirt  at 
the  radial  seams,  additional  strength  along  these 
seams  is  required.  This  strength  is  generally 
obtained  by  seam  reinforcement  with  webbing 
or  tape,  or  by  extending  the  suspension  lines 
along  the  radial  seams.  In  some  cases,  it 
is  necessary  to  add  reinforcements  to  critically 
stressed  portions  of  the  drag  producing  surface. 
The  most  common  form  of  reinforcement  which 
is  found  on  nearly  all  canopy  types,  consists  of 
bands  along  the  skirt  and  the  vent.  Additional 
circumferential  reinforcement  bands  are  some¬ 
times  needed  at  Intermediate  locations  on  the 
drag  producing  surface. 

3.2.1  DRAG  PRODUCING  SURFACE.  The  con¬ 
structed  shape  of  the  drag  producing  surface 
varies  widely  between  types.  This  difference 
is  mainly  effected  in  the  layout  of  the  gore 
pattern.  Noncircular  drag  producing  surfaces, 
however,  also  differ  as  a  result  of  their  sym¬ 
metrical  gore  construction.  For  rotationally 
symmetrical  surfaces,  the  width  of  the  gore 
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In  relation  to  its  radial  dimensions  determines 
whether  the  assembled  envelope  will  tend  to 
restrict  the  diameter  or  allow  the  surface  to 
assume  a  free  inflated  shape. 

In  regular  polygon  surfaces,  the  included  angle 
of  Lhu  gcre  in  conjunction  with  the  number  of 
gores  determines  whether  the  drag  producing 
surface  will  be  flat,  conical,  or  merely  have 
additional  transverse  fullness  in  the  gores  when 
inflated.  The  tendency  of  an  Inflated  elastic 
envelope  to  assume  a  curvature  of  uniform 
surface  tension  ensures  that  the  maximum 
included  gore  angle  (projected)  will  always  bo 
equal  to  380/n  degrees.  Of  course,  variations 
from  this  basic  pattern  of  radial  elements  can 
cause  the  drag  producing  surface  to  assume 
any  shape  desired.  The  flat  circular  type  of 
drag  producing  surface  which  is  made  in  *h* 
form  of  a  regular  polygon  built  up  from  n 
triangular  gores,  Is  a  special  case  in  that  no 
pretthajutd  structural  limitations  are  placed  on 
the  free  development  of  the  surface.  Assuming 
that  the  suspension  line  length  is  great  enough 
to  have  only  a  negligible  effect  on  the  inflated 
profile,  the  skirt  will  tend  to  pull  Inward  to 
an  equilibrium  position  where  each  gore  belly 
has  a  semi-circular  cross  section.  This  canopy 
profile  is  shown  in  Figure  5-3-1.  If  the  number 
of  gores  in  a  flat  circular  drag  producing  sur¬ 
face  is  largo,  the  ratio  of  the  projected  diameter 
(measured  between  opposite  panel  bellies)  to 
the  fiat  diameter  (measured  between  opposite 
corners)  is  approximately  0.7.  The  ratio  Dp/Dsa 
0.7  represents  a  good  average  value  for  pre¬ 
liminary  design  purposes. 

The  free  Inflated  shape  of  the  drag  producing 
surface  Is  not  readily  predicted  from  the  shape 
of  the  gore,  except  for  those  pattern  types 
that  define  surfaces  known  to  fall  entirely  within 
the  envelope  of  aeroelastic  equilibrium.  There¬ 
fore,  in  designing  a  new  parachute  canopy  for 
a  desired  inflated  shape,  it  is  usually  necessary 
to  estimate  the  gore  pattern  on  the  basis  of 
experience  and  then  modify  it  after  building 
and  testing  the  first  experimental  model.  The 
other  approach,  which  is  the  more  common  one, 
is  to  base  the  gore  pattern  on  some  easily 


/ 


defined  or  aerodynamically  desirable  geometry 
shape,  such  aa  the  sphere  or  cone,  and  evalu¬ 
ate  the  performance  of  whatever  Inflated  shape 
might  result  from  it.  ThiB  method,  however, 
also  may  not  produce  a  desired  shape  or  certain 
performance  characteristics  during  the  first  at¬ 
tempt,  and  may  require  additional  modifications. 


3.2.1. 1  Strength  Requirements,  At  the  present 
time,  no  widely  applicable  system  exists  for 
a  determination  of  the  strength  required  to 
prevent  failures  In  the  drag  producing  surface. 


One  method  lor  determining  the  approximate 
forces  acting  in  the  plane  of  the  fabric  in  the 
drag  producing  surface  is  being  used.  This 
method  assumes  that  the  pressure  differential 
between  the  internal  and  external  iabric  surface 
at  zero  degree  pitch  anglo  Is  approximately 
the  same  over  the  entire  surface,  and  that 
radial  forces  are  so  small  that  they  may  be 
neglected.  If  one  assumes  a  small  strip  of 
fabric  taken  from  the  drag  producing  surface 
and  curved  only  in  a  plane  illustrated  in  Figure 
5-3-2,  then 

P-p-fb-da 


and 


P/2 

Th°  aindj- 


Since  da  is  a  very  small  angle,  sin  4^  can  be 

do  A . 

substituted  by  -y.  The  force  traveling  in  the 

fabric  up  to  the  main  seams  can  then  be  ex- 
pressed  as 


1/2  P  •  *b  •  da 


or 


Th  »  p  •  rb 


The  force  Th  is  constant  in  the  range  between 
two  main  seams,  since  the  pressure  on  this 
strip  of  fabric  acts  only  vertically  to  Its  sur¬ 
face  and  the  atrip  remains  flexible.  II  it  is 
presumed  that  the  pressuro  p  is  constant  over 
the  entire  drag  producing  surface,  then  the 
radius  rb  is  also  constant  and  the  fabric  between 
two  main  seams  forms  a  circular  arc.  The 
value  for  the  radius  rb  depends  largely  on  the 
pattern  of  the  drag  producing  surface.  Repre¬ 
sentative  values  of  rv  for  several  types  of  drag 
producing  surfaces,  including  the  flat  circular 
type,  are  in  the  order  of  O.StoO.SD.  For  Ribbed 
and  Ribless  Guide  Surface  types,  maximum 
values  for  r&  have  been  determined  to  be  ap¬ 
proximately  0.2D. 

A  second  method  for  the  determination  of  the 
approximate  strength  requirements  for  a  drag 
producing  surface  is  based  on  the  strength  of 
the  suspension  lines  correlated  with  the  strength 
of  the  drag  producing  surface,  assuming  that 
a  fairly  constant  proportion  of  suspension  line 
and  fabric  strength  exists  if  a  certain  choice 
of  suspension  line  and  surf  ace  material  is  made. 
For  FIST  Ribbon  type  parachute  canopies,  a 
balanced  relationship  between  suspension  line 
and  surface  material  may  be  assumed  to  be 
as  follows: 
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Figure  5-3-2,  Forces  Acting  on  a  SmoU 
Strip  of  a  Drag  Producing  Surface 


Suspension  Line 

Class  Material  Ribbon  Material 

I  375  lb.  T.S,  Nylon  100  lb.  Ribbon,  Nylon 

U  550  lb.  T.S.  Nylon  2u0  lb.  Ribbon,  Nylon 

HI  1500  lb.  T.S.  Nylon  300  lb.  Ribbon,  Nylon 

IV  3000  lb.  T.S.  Nylon  S00  lb.  Ribbon,  Nylon 

V  6000  lb.  T.S.  Nylon  1000  lb.  Ribbon,  Nylon 

VI 12000  lb.  T.S.  Nylon  1700  lb.  Ribbon,  Nylon 

For  all  other  types  of  parachute  canopies,  this 
relationship  may  be  assumed  to  be  as  follows: 

Suspension  line 

Class  Material  Surface  Material 

1  376  lb.  T.S.  Nylon  1.1  oz.  Nylon 

Q  550  lb.  T.S.  Nylon  1. 6  oz.  Nylon 

in  1000  lb.  T.S.  Nylon  2.25  oz.  Nylon 

IV  3000  lb.  T.S.  Nylon  4.75  oz.  Nylon 

V  6000  lb.  T.S.  Nylon  7.0  oz.  Nylon 

VI  12000  lb.  T.S.  Nylon  14.0  oz.  Nylon 

Assuming  that  parachute  canopies  are  con¬ 
structed  in  accordance  with  the  classes  outlined 
above,  and  that  a  fairly  constant  proportion  of 
suspension  line  and  fabric  strength  is  thus 
assured,  the  following  assumptions  can  be  made: 


a.  Losses  of  strength  in  suspension  lines 
due  to  sewing  and  attachment  of  fittings 
and  reinforcements  generally  amount  to 
about  35  percent  of  the  original  strength 
of  the  material. 

b.  Parachute  deployment  and  inflation  se¬ 
quences  cannot,  at  present,  be  con¬ 
sidered  so  perfect  as  to  allow  assump¬ 
tion  of  ideal  and  equal  distribution  of 
load  throughout  the  parachute  canopy 
during  the  opening  process;  i.e.,  some 
portions  uf  the  canopy  receive  loads 
disproportionately  high  in  comparison 
with  the  loads  imposed  on  other 
portions. 

Test  data  show  that  flat  circular,  Extended 
Skirt,  FIST  Ribbon,  Ring  slot,  end  Uuide  Sur¬ 
face  type  canopies  begin  to  fail  at  roughly  40 
percent  vt  the  theoretical  suspension  line 
strength,  or,  considering  losses  due  to  sewing, 
approximately  60  percent  of  actual  suspension 
line  strength.  Satisfactory  operation  may  con¬ 
tinue  above  40  percent,  or  failure  may  occur 
below  40  percent.  This  figure  Is  approximate 
only.  It  is  recommended,  however,  that  if  cal¬ 
culation  of  opening  Bhock  chows  a  total  force  of 
approximately  40  percent  of  the  assumed  total 
theoretical  suspension  line  strength  of  a  certain 
canopy  design  of  a  given  class,  the  next  stronger 
class  of  the  particular  design  be  utilized. 

For  FIST  Ribbon  typo  canoploo,  a  more  accurate 
method  has  been  obtained  from  test  data  for 
determining  the  required  atrongth  at  tho  hori¬ 
zontal  ribbons  for  a  certain  ratio  of  opening 
shock  (Fq)  to  drag  area  (cq  Sq)  to  skirt  gore 
width.  This  relationship  is  shown  in  Figure 
5-3-3.  If  the  required  strength  is  above  the 
curve  limit,  the  next  higher  ribbon  strength  or, 
In  some  cases,  reinforcement,  should  be  used 
with  the  horizontal  ribbons. 

Flat  circular  type  drag  producing  surfaces  show 
increasing  fabric  tension  along  the  gore  surface, 
moving  inward  from  skirt  to  vent.  Although 
various  construction  techniques  are  employed 
to  provide  fabric  fullness  in  the  vent  area, 
it  is  well  established  that  opening  shock  damage 
usually  appears  first  in  the  area  around  the  vent. 

Little  can  be  done  with  canopy  geometry  to 
relieve  stresses  imposed  by  whipping  action 
and  opening  shocks  occurring  at  high  velocities, 
but  the  gore  pattern  can  be  proportioned  to  give 
minimum  fabric  tension  under  conditions  of  uni¬ 
form  pressure  loading.  A  good  oxample  of  this 
type  of  design  is  illustrated  in  the  geometrical 
proportions  and  gore  pattern  of  a  typical  Guide 
Surface  parachute  canopy. 
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Figure  5-3-3.  Boundary  Curves  for  Horizontal 
Ribbon  strength  of  a  FIST  Ribbon  Type  Canopy 

3.3.2  GORE  DESIGN.  In  the  past,  gores  designed 
by  attempting  to  derive  gore  coordinates  analy¬ 
tically  have  not  been  too  successful  as  far  as 
the  performance  of  the  resulting  parachute 
canopy  is  concerned.  Hits  may  be  attributed 
mainly  to  the  large  number  of  variables  Involved 
In  the  actual  physical  process  of  parachute 
canopy  functioning.  Experience  has  shown  that 
descriptive  geometry  remains  the  most  direct 
and  satisfactory  method  of  gore  designing,  when 
It  is  supported  by  test  observation.  If  the  shape 
at  a  drag  producing  surface  is  to  be  designed, 
rather  titan  some  approximate  geometrical  con¬ 
struction,  a  number  of  considerations  are  applic  - 
able.  It  may  first  be  assumed  that  the  primary 
design  objective  is  to  obtain  maximum  drag 
efficiency  in  combination  with  a  defined  degree 
of  stability.  The  attainment  of  a  good  drag  ef¬ 
ficiency  implies  a  low  opening  shock  character¬ 
istic  and  adequate  distribution  of  fabric  stresses 
so  that  minimum  weight  materials  may  be  used. 
The  attainment  of  a  good  degree  of  stability 
may  require  an  inverted  conical  skirt,  both 
conical  skirt  and  flattened  roof,  geometric 
porosity,  or  both  conicai  skirt  and  limited  geo¬ 
metric  porosity.  On  the  other  hand,  the  attain¬ 
ment  uf  a  §C*vd  drag  efficiency  also  requires 
that  the  projected  area,  relative  to  total  cloth 


area 

porosi 


<VSo> 
iltf  be  a 


,  be  a  maximum,  and  that  the  total 


a  minimum. 


One  promising  line  of  approach  appears  to  be 
the  Boild  shaped-gore  type  of  drag  producing 
surface.  Once  the  desired  inflated  profile  has 
been  defined,  several  specific  considerations  be¬ 
come  pertinent  to  the  determination  of  the  gore 
coordinates.  The  drag  producing  surface  may 
fimt  be  treated  as  a  surface  of  revolution 
generated  by  the  desired  profile.  This  is  illus¬ 
trated  in  Figure  5-3-4.  When  a  suitable  number 
of  gores  has  been  assigned,  the  gore  width 
at  any  radius  Is  defined  as  the  length  at  the  arc 


a  o 


2nr 

n 


and  the  ordinate  at  distance  s  is 
...  a  nr 

yT“ 

If  additional  fullness  is  desired  between  the 
main  seams,  a  bulge  radius  iq,  may  be  defined 
to  establish  the  Bllghtly  greater  gore  width,  d, 


Figure  5-3-4.  Shaped  Gore  Parachute 
Canopy  Layout 
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Figure  ti-3-5,  Effect  of  Suspension  Line  Length  on  Projected  Diameter  for  a  Flat  Circular  Type 
Model  Parachute  Canopy  and  on  the  Drag  Coefficient  fur  Various  Types  of  Canopies 


o l  the  lobed  surface.  This  bulge  radius  has  to  be 
established  with  due  allowance  for  the  elasticity 
of  the  fabric  and  the  further  effect  of  shortened 
suspension  lines  over  the  drag  producing  sur¬ 
face.  A  lobo  may  be  produced  at  the  periphery 
by  a  local  widening  of  the  gore  in  the  region 
of  a  max;  however,  the  effect  on  he  inflated 
shape  cannot  be  predicted  with  a.  certainty 
and  model  tests  will  have  to  be  conducted 
so  that  suitable  adjustments  of  the  gore  pattern 
may  be  determined  by  measurement. 

Flat  circular,  conical,  and  many  shaped  gore 
type  canopies  pull  Inward  at  the  skirt  when 
Inflated,  forming  the  characteristic  scalloped 
or  lobed  appearance  in  the  peripheral  region. 
This  behavior,  in  conjunction  with  fabric  elas¬ 
ticity,  may  be  utilized  to  advantage  in  approxi¬ 
mating  a  desired  inflated  canopy  shape  having 
minimum  fabric  tension  with  a  relatively  simple 
gore  pattern.  The  essential  consideration  in¬ 
volved  is  the  advantage  of  having  greater  fullness 


in  the  critical  pressure  region  near  the  vent 
area  than  in  the  less  heavily  loaded  Bkirt  area. 

3.2.3  SUSPENSION  LINES.  Depending  upon  the 
purpose  and  choice  of  the  designer,  the  length 
of  suspension  lines  to  be  used  with  different 
types  of  drag  producing  surfaces  may  vary. 
Fur  nearly  all  known  types,  suspension  line 
lengths  range  between  0.5  and  2.0D;  however, 
the  great  majority  fall  between  G.7  and  1.3D. 
Tests  have  shown  that  the  influence  of  suspen¬ 
sion  line  length  on  the  Inflated  shape  of  the 
drag  producing  surface  and  its  performance 
generally  becomes  negligible  above  a  ratio  of 
13/D  =  1,0.  For  comparative  evaluation  pur¬ 
poses,  this  value  is  commonly  used;  however, 
shorter  suspension  line  lengths  have  been,  and 
may  be,  used  in  service.  The  effect  of  suspen¬ 
sion  line  length  on  projected  diameter  for  a  flat 
circular  type  model  parachute  canopy  and  on  the 
drag  coefficient  for  various  types  of  canopies 
is  illustrated  in  Figure  5-3-5.  Since  some 


WADC  TR  55-265 


5-3-5 


variation  of  effect  occurs  from  type  to  type, 
it  is  good  practice  to  determine  and  specify 
the  optimum  length  of  suspension  line  to  be 
used  with  each  type  o i  drag  producing  surface 
in  relation  to  the  specific  function  which  it  is 
to  perform. 

3.2.3. 1  Strength  Requirements.  The  suspension 
line  system  can  be  considered  as  a  group  of 
tension  members  which  extend  from  the  skirt 
of  the  drag  producing  surface  to  the  riser 
connection  point.  Prior  to  line  stretch,  the  lines 
are  extended  by  the  drag  of  the  drag  producing 
surface  and  assume  many  shapes  other  than 
straight.  As  the  drag  load  is  increased  to  a 
maximum,  the  lines  are  so  straightened  that 
the  only  load  considered  is  the  one  transmitted 
from  the  drag  producing  surface  to  the  riser. 
Assuming  that  the  load  is  uniformly  distributed 
among  Z  number  of  linos,  the  load  per  line 
is  determined  by  the  geometrical  configuration 
of  the  structure  and  is 

load  Drag 

line  Z  coa-|- 

This  is  true  at  any  time  during  the  descent 
period  as  long  as  the  lines  are  assumed  to  be 
straight.  In  service,  the  maximum  line  load  may 
occur  at  a  drag  value  less  than  minimum, 
since  it  is  possible  that  the  maximum  drag  F0, 
and  maximum  confluence  angle  /,  do  not  occur 
at  the  same  time.  However,  the  severest  con¬ 
dition  would  be  a  line  load  based  on  a  maximum 
drag  and  maximum  confluence  angle.  The  maxi¬ 
mum  possible  angle  is  that  booed  on  an  unex¬ 
tended  suspension  line  and  the  mouth  diameter 
in  the  fully  distended  position.  This  distension 
beyond  a  steady-state  position  is  common  in 
many  types  of  parachuto  canopies,  such  as  the 
fiat  circular  type,  while  in  others,  such  as  the 
Guide  Surface  type,  it  is  not  as  severe.  This 
distension  is  commonly  disregarded  and  the 
confluence  angle  is  based  on  the  unstretched 
line  length  and  the  skirt  diameter  Ds,  or  the 
inflated  projected  diameter  Dp,  in  the  steady - 
state  condition.  Because  of  the  extreme  variation 
in  opening  characteristics,  the  ideal  case,  in 
which  it  is  assumed  that  the  total  load  is  uni¬ 
formly  distributed  among  the  lines,  is  seldom 
achieved.  For  all  practical  purposes,  however, 
the  load  to  be  expected  in  the  lines  can  be  pre¬ 
dicted,  and  a  suitable  textile  material  can  be 
selected.  The  method  of  attaching  the  suspension 
line  to  the  drag  producing  surface  greatly  af¬ 
fects  the  amount  of  strength  available.  The  two 
ma]or  attachment  points  are  the  juncture  of  the 
suspension  line  to  the  skirt  of  the  drag  produc¬ 
ing  surface  and  the  juncture  of  the  suspension 


line  and  riser.  These  attachment  points  are  dis¬ 
cussed  in  detail  in  Section  4  of  this  Chapter. 

3.2.4  CANOPY  DESIGN  FACTORS.  Design 
factors  for  parachute  canopies  may  vary  for 
different  applications.  Since  every  effort  should 
be  made  to  design  a  balanced  canopy,  identical 
design  factors  apply  to  both  the  suspension  lines 
and  the  drag  producing  surface.  Hie  suspension 
line  is  selected  on  tho  basis  of  its  static  break¬ 
ing  strength.  Although  the  actual  breaking 
strength  is  oft.  n  larger  than  the  minimum  value 
4i  the  spec  if  1  lion,  the  strength  is  commonly 
based  on  the  latter  value.  The  breaking  strength 
of  each  suspension  line  may  be  expressed  by 
the  equation 

8,ren8“'  ■  r:fr.<)Vri ; 

where  F«  •>  maximum  opening  force 
j  a  safety  factor 
Z  a  number  of  suspension  lines 
c  a  factor  related  to  suspension  line 
convergence  angle 

u  o  factor  Involving  tho  strength  loss  at 
the  connection  of  suspension  line 
and  drag  producing  surface  or  riser 
respectively 

o  «  factor  related  to  strength  loss  in 
material  from  water  and  water 
vapor  absorption 

e  ■  factor  related  to  strength  loss  by 
abrasion 

k  a  factor  related  to  strength  loss  by 
fatigue. 

The  value  of  these  factors  varies  for  different 
canopy  applications.  Design  factor  values  are 
tabulated  in  Table  1.  The  factor  c,  which  is  re¬ 
lated  to  suspension  lino  convergence  angle,  will 
change  with  suspension  line  length.  For  ls  a  o, 
the  factor  c  is  approximately  1.055. 

3.2.5  FLAT  CIRCULAR  TYPE  CANOPY.  The 
circular  canopy  may  be  generally  described 
as  a  regular  polygon  of  five  or  more  sides. 
The  drag  producing  surface  is  made  up  of  a 
number  Of  triangular  gores,  which  are  stitched 
together.  The  joints  form  the  radial,  or  main, 
seams.  The  central  vent,  which  is  provided 
primarily  for  convenience  of  construction,  has 
an  area  of  less  than  1%  of  the  total  cloth  area 
(Sq).  The  skirt  and  vent  hems  are  reinforced 
by  rolling  a  tape  or  webbing  inside  the  hem. 
Each  gore  may  be  made  o i  a  single  piece  of 
cloth  (block  cut)  or  of  several  sections  cut 
on  the  bias  and  joined  selvage  to  selvage,  form¬ 
ing  a  star  pattern  of  diagonal  seams  in  the 
finished  assembly.  Bias  construction  is  pre¬ 
ferred  because  of  its  higher  structural  strength. 
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TABLE  1 


Safety  Factor 

Decreasing  Factors 

Design 

Factor 

j 

u‘0*e>k 

(Nylon) 

Application 

i 

s  u 

Nylon 

Silk 

Rayon 

e 

k 

Paratroop  Use 

2.0 

0.8 

0.99 

0.8 

N/A 

0.99 

0.98 

2,915 

Personnel 

Emergency  Escape 

2.0 

0.8 

0.95 

O.S 

N/A 

0.98 

0.93 

2.915 

Aerial  Delivery  of  Cargo 

1.5 

0.8 

0.98 

0.8 

0.5* 

1.00 

0.93 

2.080 

A/C  Landing 

Deceleration  ft  Approach 

1.5 

0.8 

0.95 

0.8 

N/A 

0.95 

0.95 

2,185 

Missile  ft  Capsule 

Recovery,  Decoloration 
Stages 

1.9 

0.8 

0.98 

0.8 

N/A 

0.08 

0.98 

*2*770 

Missile  ft  Capsule 

Recovery,  Final  Stage 

1.2 

0.8 

0.05 

0.8 

N/A 

0.95 

0.95 

1.780 

Figure  9-3=8  shows  the  planform,  shape,  and 
goro  of  a  typical  flat  circular  parachute  canopy. 
The  suspension  lines  are  generally  attached 
to  the  skirt  at  the  main  seams  and  so  are 
equal  in  number  to  the  number  of  gores,  After 
passing  through  the  channel  formed  by  the  main 
aeam,  the  suspension  lines  are  again  fastened 
at  the  vent,  pass  across  the  vent  of  the  drag 
producing  surface,  and  follow  inside  the  channel 
formed  by  the  opposite  seam.  Two  suspension 
lines  are  thus  formed  by  a  continuous  line. 
Generally,  the  radial  length  of  the  line  is  made 
approximately  5%  less  than  the  radius  of  the 
drag  producing  surface,  providing  fabric  full¬ 
ness  to  relieve  radial  stresses  in  the  gores. 
When  the  number  of  gores  is  less  than  approxi¬ 
mately  twenty-four  (24),  the  total  cloth  or  de¬ 
sign  surface  area  may  be  more  accurately  de¬ 
termined  from  the  formula 

S0  D2 

Wherein  "0  <?  polygon  shape  factor  for  number 
of  sides. 

Values  for  the  polygon  shape  factor  as  related 
to  the  number  of  gores  in  a  flat  circular  drag 
producing  surface  are  tabulated  below. 


Number  of  Gores  rrQ 

5  2.378 

6  2.598 

8  2.828 

10  2.939 


Number  of  Gores 

Ifl 

12 

3.000 

16 

3.062 

20 

3.090 

24 

3.100 

< 

3.140 

3.2.0  EXTENDED  SKIRT  TYPE  CANOPY.  Orig¬ 
inally,  the  extended  skirt  type  parachute  canopy 
was  made  by  modifying  a  flat  circular  type 
canopy  with  a  restricted  extended  section  at¬ 
tached  to  the  skirt  hem  in  such  a  manner 
as  to  slightly  decrease  the  normal  convergence 
angle  of  the  suspension  lines  at  the  extension 
hem.  In  present  designs,  the  goro  is  created 
by  the  construction  at  a  "formed  gore,"  which 
includes  this  extension.  Extended  skirt  lengths 
in  the  range  of  from  10%  to  15%  of  the  major 
fiat  diameter  of  the  drag  producing  surface  have 
been  tested;  however,  the  trend  of  development 
is  toward  the  14.3%,  or  "full",  extended  skirt. 
The  planform,  shape,  and  gore  of  a  typical 
extended  skirt  type  parachute  canopy  is  shown 
in  Figure  5-3-7.  In  other  respects,  the  design 
of  this  canopy  type  parallels  that  of  the  flat 
circular  type  canopy.  For  most  efficient  canopy 
operation  and  performance,  a  suspension  line 
length  of  13  a  0.95  D0  is  recommended. 

3.2.7  PERSONNEL  GUIDE  SURFACE  TYPE 
CANOPY.  The  personnel  guide  surface  type 
canopy  was  developed  to  obtain  a  canopy  having 
a  drag  efficiency  equivalent  to  that  erf  the  flat 
circular  type  canopy,  with  improved  stability 
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Figure  5-3-6,  Flat  Circular  Type 
Parachute  Canopy 

and  lower  opening  shock  characteristics.  This 
design  goal  was  achieved  by  Improving  aero¬ 
dynamic  stability  through  shaping  of  the  ex¬ 
tensions  to  form  guide  surfaces.  At  present, 
the  percentage  of  skirt  extension  cannot  be  cal¬ 
culated  and  must  be  experimentally  determined 
for  each  particular  application.  Normally,  every 
second  gore  is  equipped  with  an  extension. 
The  present  personnel  guide  surfaco  canopy, 
Type  C-10,  is  based  on  a  flat  circular  drag 
producing  surface  that  is  93  it.  diameter  and 
contains  24  gores.  The  r.olid  portion  of  the 
drag  producing  surface  *s  slightly  conical  by 
virtue  of  the  fact  that  4  of  the  original  28  gores 
have  been  removed.  Twenty  percent  interfer¬ 
ence  extensions,  shaped  to  form  guide  surfaces; 
are  added  to  each  alternate  gore.  The  inflated 
shape  and  gore  layout  of  this  canopy  type  is 
shown  in  Figure  6-3-8'.  In  other  respects,  the 
design  of  this  canopy  type  parallels  that  of  the 
flat  circular  canopy. 

3.2.8  RIBBED  GUIDE  SURFACE  TYPE  CANO¬ 
PY.  This  canopy  is  made  of  solid  cloth  with 
a  relatively  flat  roof  section  and  an  inwardly 
sloped  conical  shaped  surface  extending  down¬ 
ward  from  the  roof  along  the  suspension  lines. 
In  order  that  the  drag  producing  surface  might 


form  the  guide  surface  and  flow  separation  edge 
required  for  stabilization,  ribs  are  placed  be¬ 
tween  the  roof  and  guide  surface  sections  and 
the  suspension  lines.  The  roof  and  guide  sur¬ 
face  panels  are  made  of  low  porosity  cloth 
cut  on  the  bias  at  an  angle  ct  46°  to  the  central 
axis  of  the  gore.  Little  or  no  vent  opening 
nriwMed,  The  planform  and  shape  of  the 
typical  ribbed  guide  surface  canopy  is  shown  in 
Figure  8-3-9. 

Layouts  for  the  roof  panel,  guide  surface  panel, 
and  rib  for  a  stabilization  type  ribbed  guide 
surface  parachute  canopy  are  illustrated  in 
Figure  B-3-10. 

3.2.9  RIBLESS  GUIDE  SURFACE  TYPE  CANO¬ 
PY.  The  riblesa  guide  surface  canopy  in  a 
refinement  of  the  ribbed  guide  surface  canopy 
and  is  designed,  as  the  name  implies,  without 
ribs.  Tho  planform,  shape,  and  gore  of  a  typi¬ 
cal  ribless  guide  surface  type  citnopy  is  shown 
in  Figuro  8-3-11.  Dimensions  for  roof  and 
guide  surface  panels  depend  upon  both  diametor 
and  gore  number  of  tho  drag  producing  surfaco. 
Dimonsional  factors  for  12  and  16  gore  ribless 
guide  surface  parachute  canopies  are  shewn  in 
Figure  B-3-12.  In  other  respects,  the  design 
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Figure  5-3-7,  Extended  Skirt  Type 
Parachute  Canopy 
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Figure  B-9-8.  Personnel  Guide  Surface 
Type  Parachute  Canopy 

of  this  canopy  type  parallels  that  oi  the  ribbed 
guide  surface  canopy. 

3.2.10  FIST  RIBBON  TYPE  CANOPY.  The  FIST 
ribbon  canqiy  in  composed  nf  ronrnntrir  rlhhonn 
supported  by  a  number  of  radial  ribbons,  which 
transmit  the  loads  to  the  suspension  lines.  The 
planform  and  shape  of  a  typical  FIST  ribbon 
type  canopy  are  Illustrated  In  Figure  8-3-13. 
As  In  the  conventional  flat  parachute  canopy, 
the  gores  of  a  FIST  ribbon  type  canopy  are 
constructed  as  flat  triangles.  The  gore  construc¬ 
tion  is  illustrated  in  Figure  6-3-14.  The  gores 
consist  of  wide  ribbons  running  parallel  to  the 
skirt  (horizontal  ribbons)  and  of  narrow  ribbons 
sewed  perpendicular  to  the  skirt  and  the  hori¬ 
zontal  ribbons  (vertical  ribbons).  The  horizontal 
ribbons  are  the  main  drag  generators,  whereas 
the  narrow  vertical  ribbons  serve  only  to  space 
and  control  the  horizontal  ribbons.  The  gores 
are  interconnected  by  radial  ribbons  which  ex¬ 
tend  from  vent  to  skirt  and  overlap  the  hori¬ 
zontal  ribbons  of  two  adjoining  gores.  The  filling 
time  of  this  canopy  type  may  be  extended  by 
Increasing  the  spacing  of  the  vertical  ribbons. 
This  will  also  reduce  the  opening  shock  apprec¬ 
iably.  Variation  in  the  spacing  of  the  horizontal 
ribbons  will  affect  total  porosity  of  the  drag 


producing  surface  and,  consequently,  stability. 
Total  porosity  includes  both  geometrical  and 
mechanical  porosity,  the  former  being  produced 
by  ribbon  spacing,  and  the  latter  by  weave  and 
composition  of  the  ribbon  itself.  Varying  total 
poroBltles  are  required  for  FIST  type  canopies 
of  varying  diameter  and  for  different  Applica¬ 
tions.  In  general,  as  the  diameter  increases, 
the  total  porosity  must  decrease  in  order  to 
achieve  a  constant  drag  coefficient,  constant 
stability,  and  relatively  constant  opening  char¬ 
acteristics.  Figure  B-3-15  shows  the  relation¬ 
ship  between  total  porosity  various  canopy 
diameters,  and  different  applications. 

Distance  botween  the  vertical  ribbons  Is  gener¬ 
ally  determined  by  the  fllltng  time  required 
tor  the  canopy  to  obtain  a  certain  opening 
shock,  or  a  certain  minimum  altitude  loss  during 
inflation,  or  both.  The  following  vertical  ribbon 
s pacings  are  recommended: 

a.  0  -  8  Inches,  without  center  vertical 
ribbon  for  parachute  canopies  of  low 
opening  shock. 


Figure  5-3-9.  Ribbed  Guide  Surface  Type 
Parachute  Canopy 
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Figure  5-3-10,  Layout  for  Roof  Panel,  Guide 
Surface  Panel,  and  Rib  for  Stabilisation  Type 
Ribbed  Guide  Surface  Parachute  Canopy 

b.  4  -  6  inches,  (or  parachute  canopies  used 
for  aircraft  approach  and  aircraft  decel¬ 
eration  application. 

c.  2  -  4  inches,  for  parachute  canopies 
required  to  open  rapidly  at  low  altitudes. 

For  porosity  calculations,  the  Influence  of  ribbon 
porosity  must  be  taken  into  consideration,  if 
porous  ribbons  are  used.  The  total  porosity 
of  the  drag  producing  surface  \t  Is  expressed  in 
percent  and  Is  determined  from  the  ratio  of 
the  porous  area  (Including  ribbon  porosity) 
of  the  drag  producing  surface  to  the  total  drag 
producing  surface  area.  Normally,  mechanical, 
or  ribbon,  porosity  hm  is  expressed  in  cubic 
feet  of  air  forced  through  a  square  foot  of 
ribbon  in  one  minute  at  a  pressure  of  0.5  Laches 
of  water.  A  ribbon  porosity  of  27.4  cu.ft./sq.  ft./ 
min.  is  equivalent  to  a  geometric  porosity 
of  one  percent.  Therefore,  mechanical  porosity 
Xm  may  be  expressed  in  percentage  after 
division  of  actual  porosity  by  27.4.  Geometric 
porosity  Xo..  also  determined  in  percent,  is  the 
ratio  of  that  area  of  the  drag  producing  surface 
not  covered  by  ribbons  to  the  total  drag  pro¬ 
ducing  surface  area.  The  required  geometric 


porosity  of  a  FIST  type  canopy  may  therefore 
be  expressed  as 


V*t 


k  m 
27.4 


If  it  is  assumed  that  the  total  area  of  the  drag 
producing  surface  is  a  ribbon  grid  from  which 
one  element  may  bo  separated,  the  geometrical 
porosity  of  the  grid  may  be  expressed  as 


.  avR  bHH 

**  (»VR  ♦  aVR>  (^HR  ♦  ®HR) 


•  100  0$) 


A  ribbon  grid  element  1b  shown  in  Figure  5-3-16. 
7710  geometrical  grid  porosity  is  increased  by 
the  vent  opening  and  decreased  by  the  prac¬ 
tically  impermeable  radial  ribbons  and  the  hori¬ 
zontal  ribbons  at  the  apex.  The  vent  itself 
should  not  be  more  than  one  percent  of  the 
total  area  of  ^he  drag  producing  surface,  U 
porosity  calculations  are  to  be  correct.  Primar¬ 
ily,  the  purpose  of  porosity  calculations  is  the 
determination  of  the  spacing  of  horizontal  rib¬ 
bons  on  the  basis  of  given  factors  such  as 
canopy  diameter  O,  vent  opening  dy,  number 
of  gores  h,  ribbon  widths  AyR  and  Brr,  and 


Figure  5-3-11 .  Ribless  Guide  Surface  Type 
Parachute  Canopy 
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GUIDE  SURFACE  PATTERN 


ROOF  RATTERN 


FLATTEN  OUT 
FOR  SLOT 


DIRECTION  OF 
WARP  OR  FILLING 


I  W-  DIRECTION 
■  A  OF  WARP 
Its  \  OR  FILLING 


/XsV 

kv* 


NUMBER  OF  PANELS- 12  AND  16 
SEAM  ALLOWANCE  NOT  INCLUDED 
ONE  SLOT  IN  EACH  PANEL 
0  ID  MAX  WIDE  (IF  REQUIRED) 


NUMBER  OF  PANELS’  12.  AND  10 
SEAM  ALLOWANCE  NOf  INCLUDED 


■OS  .10 
4.33  3.21 


GUIDE  SURFACE  PATTERN 

■IS  |  .20  ,30  .40  I  .50  60  .TO  ,60  .90 

2.98  2.13  1.38  1.29  I  1.03  .86  .722  .61  .519 


Xj  0.23  DMAX, 

>  .63  I  .89  LOO 

r  .491  .472 


.000  .226 


12  PANELS  ROOF  PATTERN  V0  80  ° MAX 

X/Xe  10  15  .20  .30  .40  .90  .60  .70  .80  .878  .90  .98  .979  1.0 
Y/x  .394  .394  .394  .407  .410  .416  .428  .441  .495  .676  .527  .261  .1625  0.0 


x/Xo 

0.09 

0.10  0.19  0.20 

Y/x 

3.85 

2.77  2.18  1.62 

GUIDE  SURFACE  PATTERN 


X0«0,23  DMAX. 


0.000 


16  PANELS  ROOF  PATTERN  ^0.90  DMAX, 

X/X0  010  015  0.20  0.30  0.40  0.90  0.60  0.70  0.80  0888  0,90  0.98  0,979  1.0 
V/x  0.303  3045  .305  .307  .311  .317  .336  .366 '.424  .622  .564  .26i~  .1629  0.0 


Figure  5-3-12.  Pattern  Dimension  Factors  for  12  and  16  Gore  Ribless  Guide  Surface 

Type  Parachute  Canopies 
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Figure  5-3-13,  FIST  Ribbon  Type 
Parachute  Canopy 

the  spacing  ayR  of  the  vertical  ribbons.  In 
order  to  determine  porosity,  the  following 
general  sequence  is  recommended. 

The  required  total  porosity  >\t  for  the  drag 
producing  surface  is  determined  from  Figure 
8-3-15.  Utilising  the  data  contained  in  Section 
5  of  this  chapter,  which  gives  the  mechanical 
porosity  Xm  of  ribbons  recommended  for  use, 
the  required  geometrical  porosity  is  determined 
from 

v„  _  i  _ 

8  *  27.4 

Knowing  the  required  geometrical  porosity  \g, 
a  correction  factor  for  the  diameter  of  the  drag 
producing  surface  required  should  be  obtained 
from  Figure  5-3-17.  The  value  for  \a  should 
be  added  to  the  value  for  Ag  to  compensate 
for  the  loss  of  porosity  effected  by  the  radial 
ribbons  and  vent  ribbons,  and  to  correct  for 
the  Increased  porosity  obtained  from  the  vent. 
From  the  new  data,  \g  =  t-  ,\a,  the  actual 

geometrical  porosity  may  be  converted  into  rib¬ 
bon  spacing  by  use  at  Figure  5-3-18,  in  which 
various  possible  spacings  of  vertical  ribbons 
and  horizontal  ribbons  are  plotted  against  geo¬ 
metric  porosity.  The  factor  is  grid  poros- 

Ba 


tty,  actually,  and  Indicates  what  th$  porosity 
Xg  of  the  ribbon  grid  should  be  to  compensate 
for  the  impermeability  of  the  radial  and  lateral 
bands.  Following  determination  of  ribbon  spac¬ 
ing,  the  remainder  of  the  drag  producing  surface 
design  may  be  completed.  It  will  be  found  that, 
once  the  width  and  spacing  of  horizontal  ribbons 
are  known,  tho  gore  dimensions  may  vary  lrom 
the  ideal  dimensions  because  the  addition  or 
subtraction  of  one  ribbon  may  not  provide  the 
planned  diameter  or  vent  size.  After  the  above 
da*  a  have  been  determined,  it  is  recommended 
that  the  actual  geometric  porosity  w.  bo 
checked  as  outlined  below  ac*' 


*iact, "  *8a  + 


[I;  000  •  ‘6»>] 


t.  s.  L1  ■  - J 

•t®  (100  -  \ga)J  (Percent) 


VUINT 


OftlZOfffAl  RIBBON 


’£AL  RlflBOfl 


.  ribbon 


TYPICAL  PIST  RIBBON  SORE 


Figure  5-3-14 ,  Core  Construction  of  a  FIST 
Ribbon  Type  Parachute  Canopy 
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'ter  and  Different  Applications 


■HM 


VERTICAL  RIBBON! 


HORIZONTAL 

RIBBONS 


I  V'  '*  i! 

'//////  UNCOVERED  AREA 

8388$  COVERED  AREA 

Figure  6 -16.  Ribbon  Grid  Element 

wherein  \R  °  Ribbon  grid  porosity  required 
ft  (or  the  drag  producing  surface, 
assuming  the  whole  canopy  is 
constructed  of  the  grid  (per¬ 
cent) 


Sbb  a  Total  area  covered  by  radial 
ribbons 

Syjt  -  Total  area  of  horizontal  ribbons 
at  the  vent,  not  covered  by 
radial  ribbons 

*o  ■  Polygon  shape  factor;  see  tabu¬ 
lation,  paragraph  S.2.0. 

In  order  not  to  endanger  canopy  inflation,  the 
use  of  pocket  bands  Ik  recommended.  Use  of 
pocket  bands  raises  the  critical  porosity  of  a 
FIST  typo  canopy  between  B  and  10%.  Figure 
5-9-19  shows  the  general  configuration  ol  the 
pocket  bands  and  values  for  the  free  length 
La  of  the  pocket  band  for  any  given  number 
of  suspension  linos.  Strength  of  the  pocket 
bands  should  always  be  at  least  00%  el  that  of 
the  suspension  line  used. 

3.2.11  RINQ  SLOT  TYPB  CANOPY.  The  drag 
producing  surface  of  a  ring  slot  canopy  consists 
of  polygonal  cloth  rings  joined  together  by 
radial  tapes  to  provide  open  spaces  or  slots 
between  rings.  The  planferm  and  inflated  shape 
of  a  typical  ring  slot  type  canopy  is  shown  in 
Figure  3-3-20.  A  typical  gore  of  a  four-slot¬ 
ted  ring  slot  parachute  canopy  is  shown  in  Fig- 
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ACTUAL  BKOMKTHIC  POflOSITT  Of  A  RIBBON  BRIO,  Kg,  (PERCENT) 


Figure  5-3-18,  Actual  Geometric  Porosity  Kgg  of  a  Ribbon  Grid  Versus  Distance  of 

Norieontal  and  Vertical  Ribbon 


ure  5-3-21,  with  the  principle  component  parte 
and  dimensions  Indicated.  The  selection  of  total 
porosity  of  the  drag  producing  surface  Is,  as 
for  the  FIST  type  canopy,  dependent  on  the 
stability  and  opening  characteristics  required. 
The  range  of  recommended  total  porosity  for 
the  drag  producing  surface  is  Bhown  in  Figure 
3-3-22.  Geometric  porosity,  the  major  com¬ 
ponent  of  total  porosity,  is  the  ratio  of  total 
slot  and  vent  areas  to  the  total  canopy  area. 
Even  distribution  of  the  geometric  porosity  Is 
an .  important  factor.  TeBts  have  shown  that 
slots  equally  spaced  between  vent  and  skirt 
produce  the  most  satisfactory  results.  The  total 
slot  area  of  the  drag  producing  surface  may  be 
determined  by 

SA  =  so  " so 

wherein  =  total  slot  area  in  square  feet 
\g  =  Geometric  porosity  expressed 
*  as  a  decimal. 


Dividing  this  total  slot  are  by  the  number  of 
gores  results  in  the  slot  ,u  ua  required  for  each 
gore.  The  design  problem  then  requires  balan¬ 
cing  the  number  and  height  of  the  cloth  sections 
and  the  slot  width  to  obtain  the  required  dia¬ 
meters  and  slot  area.  The  cloth  sections  are 
cut  in  the  form  of  trapezoids,  with  the  warp 
of  the  cloth  parallel  to  the  parallel  sides. 
Although  the  section  height  may  be  any  value 
desired,  the  cloth  yardage  is  most  efficiently 
used  if  cut  into  quarters,  thirds,  halves,  or 
used  in  full  width.  Vertical  ribbons,  sometimes 
called  vertical  tapes,  are  usually  placed  from 
the  vent  to  the  skirt,  down  the  center  of  each 
gore.  Pocket  bands  perform  the  same  function 
on  ring  slot  parachute  canopies  as  an  FIST 
ribbon  parachute  canopies.  Dimensions  for 
pocket  band  design  may  be  obtained  from 
Figure  5-3-19.  In  other  respects,  design  of 
this  canopy  is  similar  to  that  of  the  FIST 
ribbon  canopy. 
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NUMBER  Of  SUSPENSION  LINES 


Figure  5-3-19,  Pocket  Band  Design  for  Flat  Parachute  Canopies 


3.3  VOLUME  AND  WEIGHT  OF  PARACHUTE 
CANOPIES. 

Volume  and  weight  at  parachute  canopies  can 
be  calculated  from  the  dimensions  of  a  known 
canopy  design,  provided  the  weights  and  volumes 
of  the  materials  used  are  known.  For  conven¬ 
ience,  the  curves  shown  In  Figures  5-3-23 
through  5-3-29  have  been  plotted  to  show  vol¬ 
ume  and  weight  c if  different  parachute  canopy 
types.  These  curves  are  based  upon  a  balanced 
relationship  between  canopy  material  and  sus¬ 
pension  lines  as  outlined  in  paragraph  3.2. 1.1. 

3.4  RISERS. 

The  riser  system  Is  commonly  composed  of 
one  or  more  members  of  heavy  webbing  which 
extend  between  the  lower  end  o i  the  suspension 
line  system  and  the  load,  and  of  such  metal 
interconnection  fittings  as  may  be  required. 
Since  the  individual  webbing  members  are 
considered  parallel  while  under  load,  the  maxi¬ 
mum  load  carried  is  simply  the  drag  load, 
which  again  is  usually  considered  as  the  opening 
shock  load.  The  general  equation  for  the  load 
on  each  riser  is  then 


P  u  » 

o  D  - 

Zjf  •  u  •  o  •  e  •  k 


wherein  F0  °  maximum  opening  force 
J  »  safety  factor 

ZR  b  number  of  individual  webbings 
u  m  factor  involving  the  strength 
loss  at  the  connection  loops 
o  a  factor  related  to  strength  loss 
in  material  from  water  and 
water  vapor  absorption 
a  -  factor  related  to  strength  loss 
by  abrasion 

K  a  factor  related  to  strength  loss 
by  fatigue 

Actual  values  for  these  factors  may  be  obtained 
from  the  tabulation  in  paragraph  3.2.4. 

The  weakest  point  in  the  riser  system  is  gener¬ 
ally  not  the  webbing  itself  but  the  junctions 
with  other  parts  of  the  assembly.  The  pre¬ 
vailing  type  of  joint  is  one  in  which  the  webbing 
is  looped  around  a  circular  bar  of  some  form 
of  hardware  and  sewed  to  itself.  The  diameter 
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Figure  5-3-20.  Ring  slot  Type  Parachute 
Canopy 

o t  the  metal  link  has  been  found  to  have  an 
effect  on  the  efficiency  of  the  Joint.  In  general, 
the  efficiency  decreases  as  the  bolt  diameter 
decreases*  The  efficiency  of  various  3,000 -lb. 
webbing  loops  as  affected  by  the  bolt  diameter 
is  graphically  presented  in  Figure  8-3-30. 

3*3  KEEPER. 

The  necessity  for,  and  advantages  of,  utilizing 
a  keeper  In  the  suspension  line  or  riser  system 
can  be  described  briefly  as  an  Integral  unit 
required  in  the  system  to  maintain  the  deBlred 
suspension  line  length  to  diameter  (L/Dq) 
ratio  for  optimum  parachute  canopy  perform¬ 
ance  and  reinforcement  of  the  line  confluence 
point.  The  keeper  material  generally  consists 
of  the  same  type  of  material  of  which  the 
riser  is  made;  however,  it  has  a  lower  rated 
strength.  The  strength  of  the  keeper  material 
will  depend  upon  the  construction  and  applica¬ 
tion  of  the  riser.  For  a  majority  of  applica¬ 
tions,  a  keeper  material  having  approximately 
30%  of  the  rated  strength  of  the  individual  riser 
webbings  is  considered  sufficient.  The  keeper 
is  constructed  by  wrapping  the  webbing  around 
the  riser  webbings  at  least  2-1/2  turns  and 
then  stitching  it  to  the  riser  proper.  For  first 
stage  missile  recovery  applications,  and  other 


applications  in  which  the  suspension  lines  are 
extended  beyond  the  confluence  point  to  form 
the  riser,  a  different  type  of  keeper  is  re¬ 
quired.  A  typical  keeper  for  first  stage  missile 
recovery  applications  is  shown  In  Figure  5-3-31. 
This  arrangement  of  keeper  and  suspension  linen 
provides  for  a  generally  equalized  distribution 
of  the  loads  being  transferred  from  the  drag 
producing  surface  through  the  lines  and  mini¬ 
mizes  elongation  differences  due  to  unaym- 
metrical  canopy  loading,  Most  significant,  per¬ 
haps,  Is  the  total  elimination  of  relative  motion 
between  keeper  and  linos,  which  has  atten  been 
found  to  be  the  initial  cause  of  line  failure  duo 
to  subsequent  friction  heating  and  material 
crystallization. 

3.6  DEPLOYMENT  BAOS. 

3.6.1  GENERAL.  Siuce  a  multitude  of  different 
types  are  known  to  exiBt,  and  since  there  are 
limitless  variations  within  types,  no  general 
description  at  deployment  bags  in  terms  of 
size  or  shape  can  be  attempted.  Deployment  bags 
may,  however,  be  described  in  terms  of  func¬ 
tions,  namely; 

a.  Deployment  bags  primarily  contain  the 
drag  producing  surface  of  a  canopy; 
they  may  or  may  not  provide  stowage 
positions  for  the  suspension  lines. 


TYWAL  RINC  SLOT  GORE 

Figure  5-3-21.  Core  Construction  of  a 
Ring  slot  Type.  Parachute  Catiopy 
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b.  Deployment  bags  control  the  sequential 
operations  of  deployment  by  means  of 
a  closure  or  control  method  which  locks 
the  canopy  in  the  bag,  and  which  may 
depend  for  operation  upon  line  deploy¬ 
ment,  pilot  chute  drag,  snatch  force, 
or  operation  of  a  mechanical  device. 

In  general,  little  difficulty  will  be  encountered 
in  shaping  a  deployment  bag  *o  the  space  avail¬ 
able.  Space,  however,  def<  ttely  affects  the 
line  placement  and  closure  nn-.hods  used. 

3.8.2  DEPLOYMENT  BAG  DESKIN.  Deployment 
bag  design  may  be  divided  into  two  general 
groups:  methods  uaed  for  stowage  and  place¬ 
ment  of  the  suspension  lines,  and  methods  used 
for  control  and  operation  of  canopy  mouth 
closure.  The  chief  oonnide rations  lndetailedde° 
sign  of  bags  are  bag  strength  and  smooth 
working  surfaces.  Deployment  bags  must  be 
able  to  contain  and  control  the  canopy  through¬ 
out  the  two  moot  difficult  conditions  of  deploy¬ 
ment.  These  conditions  arise  at  lift-off.  or 
ejection,  of  the  deployment  bag  by  a  static  line, 
pilot  chute,  or  ejection  device,  and  at  the  opening 
of  the  bag  for  release  of  the  parachute  canopy. 
Smooth  working  surfaces  are  required  in  all 
areas  of  the  bag  adjacent  to  the  drag  producing 
surface  during  deploy ment,  and  in  the  area 
adjacent  to  the  suspension  lines.  The  basic 
enclosure  for  the  canopy,  whatever  ite  shape, 
should,  If  possible,  be  sufficiently  tight  to  prevent 
extensive  movement  of  the  canopy  within  the  bag 
during  high  accelerations  encountered  during 
lift-off  or  ejection.  If  bags  are  underslse  or 
require  extreme  effort  to  close,  however,  fric¬ 
tion  burns  on  the  canopy  are  probable.  A  well- 
designed  bag  will  allow  the  canopy  to  be  extracted 
manually  with  very  little  effort  once  the  bag 
closure  is  opened.  Further  compression  of  the 
bag  for  packing  purposes  may  be  accomplished 
within  the  pack  or  container  itself,  since  the 
materials  and  construction  of  the  bag  render  it 
less  sensitive  to  frictional  damage  than  the 
canopy. 

Normal  layout  and  cutting  methods  are  used  in 
the  construction  of  bags.  The  basic  container 
is  usually  formed  in  one  of  three  shapes, 
cylindrical,  trapezoidal,  or  cubical,  ir,  a  manner 
to  obtain  maximum  strength  from  the  material 
along  the  longitudinal  axis  of  the  bag.  Wher¬ 
ever  possible,  seams  should  be  faced  away  from 
the  areas  adjacent  to  the  canopy. 

Most  reinforcing  webbings  should  be  added  to 
the  basic  container  before  sawing  the  container 
in  its  final  shape.  In  general,  two  basic 


systems  of  webbing  reinforcement  are  used, 
depending  upon  the  forces  involved  in  the  use 
of  the  deployment  bag.  For  personnel  para¬ 
chutes  and  light  aerial  delivery  parachute 
applications,  straight-through  reinforcement  is 
normally  used.  Figure  8-3-32  shows  a  view 
of  &  basic  trapezoidal  container  with  its  rein¬ 
forcement  webbings,  which  also  fora  the  bridle 
for  attachment  to  a  static  line  or  pilot  chute. 
Cylindrical  bags  may  be  formed  in  the  same 
manner,  as  bhnwn  In  Figure  8-3-33,  using 
whatever  number  of  longitudinal  webs  are  re¬ 
quired  to  achieve  the  desired  strength.  Lateral 
webs  are  usually  of  fairly  light  materials.  On 
bags  for  very  high  speed  equipment, 
it  may  be  necessary  to  provide 
lateral  webs  to  prevent  bursting  of  the  basic 
container.  On  heavy  bags  for  large  parachute 
canopies  or  for  very  high  speed  use,  it  is 
considered  good  practice  to  use  either  X  or  W 
Longitudinal  web  design,  since  much  strength 
is  added  to  the  assembly  by  such  construction. 
In  addition,  lateral  webs  should  be  considerably 
increased  in  strength  to  prevent  bursting  of  the 
basic  container.  Figure  8-8-34  shows  a  typical 
heavy  bag  for  First  Stage  Missile  Recovery 
application.  Locking  loops  should  be  reinforced 
heavily,  eince  the  full  weight  of  the  accelerated 
canopy  bears  on  the  locking  loop  flap  and  fail¬ 
ure  of  material  at  this  point  seriously  affects 
bag  performance. 

Bags  designed  for  use  at  high  speeds,  or  for 
the  handling  of  heavy  parachute  canopies,  are 
constructed  cf  fairly  strong  materials.  Heavier 
cotton  ducks  are  suitable  for  this  purpose, 
but  are  usually  so  rough  that  canopies  are  badly 
burned  during  withdrawal.  It  is  considered  good 
practice  to  line  such  bags  with  cotton  material 
of  lighter  weight  and  smoother  finish,  particu¬ 
larly  if  the  construction  and  reinforcement  of 
the  basic  bag  have  provided  a  rough  interior. 
Generally,  linings  are  assembled  to  the  bag 
alter  the  basic  container  has  been  cut,  and 
longitudinal  webs  added. 

Bridles  aro  either  integral  or  detachable,  de¬ 
pending  upon  conditions  of  use.  Bags  subjected 
to  severe  operating  conditions,  or  to  constant 
service,  particularly  if  small  and  cheap,  are 
equipped  with  integral  bridles.  The  integral 
bridle  is  normally  an  extension  of  the  main 
longitudinal  reinforcing  webs  on  the  bag.  De¬ 
tachable  bridles  are  designed  to  attach  directly 
to  main  longitudinal  reinforcing  webs  by  suitable 
hardware.  Bridles  for  large  or  heavy  bags 
normally  provide  an  effective  length,  from  bag 
to  common  connection  to  the  pilot  chute  bridle 
line,  of  at  least  75  percent,  and  preferably 
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Figure  5-3-23.  Weight  and  Volume ,  Flat  Circular  Type 
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Figure  B-9-30.  Efficiency  of  Various  3,000  lb 
Webbing  Loops  as  Affected  by  ike 
Bolt  Diameter 


100  percent,  of  the  longest  hag  side  adjacent 
to  the  bridle. 

Line  locking  loops  and  permanent  retaining 
loops  are  usually  constructed  of  cotton  ma¬ 
terials,  or  of  Nylon  faced  with  cotton  if  high 
strength  is  required.  Since  locking  loops  are 
subject  to  high  forces,  It  is  usual  to  attach 
them  to  main  longitudinal  reinforcing  webs. 
Locking  loops  are  usually  formed  with  the 
same  webbing  used  to  provide  retaining  loops 
or  loops  to  which  breakable  tapes  may  be 
tied.  Webs  provided  for  tying  breakable  line 
retaining  tapes  are  formed  in  much  the  same 
manner  as  permanent  line  loops. 


Covers  lor  line  stowage  areas  may  U»  formed 
very  simply  on  the  top  or  side  ol  a  deploy¬ 
ment  bag,  as  shown  in  Figure  5-3-35.  Since 
suspension  lines  are  not  as  sensitive  to  fric¬ 
tion  bums  as  cloth  material,  less  attention 
need  be  paid  to  the  smoothness  of  materials 
adjacent  to  lines.  Nevertheless,  no  particularly 


rue 
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Figure  0-3-33.  Tropesoidal  Basic  Container 
with  Straight  Reinforcement 


Figure  5-3-31.  Typical  Keeper  Design  for  First  Stage  Missile  Recovery  Applications 
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Figure  5-3-34,  Heavy  Parachute  Deployment  Bag  for  First  Stage  Missile  Recovery  Application 


rough  or  hard  weave  fabrics  should  be  allowed 
to  bear  on  the  lines.  If  necessary,  line  stowage 
areas  may  be  lined  with  soft  cotton  fabric.  If 
large  risers  and  heavy  hardware  must  be 
stowed  on  the  bag,  additional  space  may  be 
provided  by  forming  a  largo  pocket  on  the  line 
cover  itself. 

Line  flaps,  when  placed  at  the  mouth  of  a  bag, 
are  usually  extensions  of  (me  bag  side,  and 
are  construct?  J  in  much  the  same  manner  as 


a  normal  closure  flap,  as  illustrated  in  Figure 
5-3-30,  Line  retention  loops  may  be  added  to 
stowage  flaps  In  a  manner  discussed  above; 
longitudinal  reinforcements  are  extended  down 
stowage  flaps  to  provide  strength  for  line 
retention. 

3.7  PILOT  CHUTES. 

The  use  of  proper  pilot  chutes  is  necessary 
for  the  purpose  of  activating  positive  and 
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Figure  5-3-35.  Cross-Section  of  Bag  Showing 
Line  Cover  and  Riser  Cover 
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Figure  5-3-36.  Construction  of  Line 
Stowage  Flap 
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proper  deployment  tor  any  parachute  applica¬ 
tion,  with  exception  ol  the  static  line,  a  deploy¬ 
ment  bag  method  in  which  a  pilot  chute  is  not 
employed 

A  number  ot  pilot  chute  types  have  been  used 
experimentally,  such  asflat octagon,  llatsquare, 
oaaemm,  ami  iwmiaphoricni  iypee.  Almost  all 
ot  those  types  were  equipped  with  some  sort 
ol  spring,  or  springs,  to  insure  immediate 
opening.  The  standard  pilot  chute  used  lor 
personnel,  aerial  delivery,  aircralt  decelera¬ 
tion,  and  other  applications,  was  derived  pri¬ 
marily  from  the  flat  octagon  type  pilot  chute; 
however,  vanes  were  added  to  obtain  t^efollow- 
Ing  advantages: 

a.  The  addition  of  vanes  prevents  the  lines 

from  entangling  inside  the  parachute 
pack.  .  . . .  .  -  A 

b.  Should  the  pilot  chute  strike  some  object, 
the  vanes  would  tend  to  slide  past  it 
rather  than  wrap  about  it  or  permit  the 
object  to  pass  between  the  lines. 

e.  Hie  vanes  cause  the  airflow  to  be 
directed  into  the  pilot  chute  and  act 
as  a  sail  to  aid  In  the  deployment  of 
the  pilot  chut©  from  the  pack. 

d.  The  addition  of  vanes  decreases  the 
possibility  of  pilot  chute  canopy  con¬ 
version. 

A  typical  pll«f  chute,  type  MA-1,  is  shown  in 
Figure  ,-3-37.  Basically,  pilot  chutes  used 
for  personnel,  aerial  delivery,  and  aircraft 
deceleration  applications,  have  a  hemispheri¬ 
cal  canopy  and  are  constructed  with  a  conical 
coil  spring  and  vanes.  In  general,  the  canopy 


and  the  vanes  of  the  pilot  chute  are  constructed 
of  the  same  material. 

Of  course,  any  of  the  conventional  parachute 
canopy  designs  can  be  used  as  a  pilot  chute; 
however,  a  balance  must  be  achieved  between 
the  required  stability  and  drag.  This  is,  to  a 
certain  extent,  also  true  for  woight  and  vol¬ 
ume.  For  example,  a  Guide  Surface  type  para¬ 
chute  canopy  will  have  excellent  stability  but, 
due  to  its  lower  drag  coefficient,  it  will  re¬ 
quire  a  larger  sited  canopy  for  a  given  force 
than  would  be  required  if  the  stability  of  a 
ring  slot  or  flat  circular  type  parachute  canopy 
were  acceptable.  On  the  other  hand,  however, 
a  slight  increase  in  volume  and  weight  must 
be  tolerated.  Drag  coefficient  and  opening  shock 
factor  data  for  the  moat  commonly  used  typos 
of  pilot  chutes  are  listed  in  Table  II. 


TABLE  11, 

PILOT  CHUTE  DATA 

Type 

Draft 

Coefficient 

Opening 
Shock  Factor 

Vane 

Cg  a  0.09 

3.8 

Flat  Circular 

Cn  ®  0.78 

0 

2.B 

Ring  Slot 

Oq  a  O.flB 

1.8 

FIST  Ribbon 

Cn  a  0.65 

uo 

1.8 

Rlbluss  Guide 
Surface 

Cjj  a  0.80 

2.0 

Ribbed  Guide 
Surface 

Cjj  a  0.95 

3.0 
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Figure  5-3-37.  Pilot  Chute,  Type  MA-1 
5-3-36 


The  size  of  the  pilot  chute  is  of  the  utmost 
importance  for  positive  ana  orderly  deploy¬ 
ment  of  the  main  canopy.  No  definite  method 
has  as  yet  been  established  to  determine  the 
required  pilot  chute  size  for  any  particular 
application;  however,  experience  has  shown 
that  certain  ratios  of  pilot  chute  drag  aroa 
to  main  canopy  drag  area  perform  best.  These 
data  are  given  in  Table  111. 

TABLE  III.  PILOT  CHUTE  TO  MAIN 
CANOPY  AREA  RATIOS 


effects,  and  breaking  strength  of  ties,  have  to 
be  taken  into  account.  It  should  bo  remembered, 
however,  that  a  certain  energy  is  required  to 
fulfill  all  the  functions  of  a  successful  para¬ 
chute  deployment. 

For  high  speed  applications,  pilot  chutes  of 
til©  Guide  Surface  type  are  commonly  used. 
Because  of  their  high  speed  application,  these 
pilot  chutes  should  bo  packed  in  separate  de¬ 
ployment  bags  in  order  to  separate  snatch 
and  opening  forces  of  the  pilot  chute. 


Deployment  Speed 


Pilot  Chute 
CjjS  Ratios  Main  Canopy 


Fabrication  methods  for  pilot  chutes  are  iden¬ 
tical  to  those  employed  for  all  other  types 
of  canopies. 


Up  to  200  knots  IAS  *•  0.03  -  3% 

200  to  300  knots  IAS  ->•  0.02  2% 

Over  300  knots  IAS  n  0.01  **•  1% 

These  data  are  only  approximate  and  may  have 
to  be  modified  as  determined  by  the  particular 
parachute  application.  For  high  speed  missile 
or  capsule  recovery  application,  for  example, 
in  which  it  in  important  to  extract  the  main 
parachute  canopies  out  of  tight  compartments 
and  to  insure  orderly  deployment  sequences  of 
the  main  canopies,  pilot  chutes  of  higher  drag 
aroa  ratios  than  those  listed  in  Table  111 
have  henn  used.  For  the  determination  of  cor¬ 
rect  pilot  chute  nixes,  several  other  considera¬ 
tions,  such  ns  deployment  speed  ranges,  woke 


The  brldlo  between  tho  pilot  chute  and  the 
main  canopy  bag  or  the  apex  of  the  main 
canopy  must  be  of  sufficient  length  to  prevent 
the  suspended  load  from  blanketing  tho  pilot 
chute  action.  On  the  other  hand,  if  the  bridle 
is  too  long,  the  maximum  snatch  force  or 
opening  force  exerted  by  the  pilot  chute  will 
greatly  increase;  l.e.  the  opening  shock  factor 
Will  be  greater  than  that  given  in  Table  11. 
In  general,  the  bridle  used  should  be  of  such 
length  that  the  skirt  of  the  Inflated  pilot  chute 
will  be  B  to  8  diameters  of  the  suspended  load 
behind  the  suspended  load.  Tho  actual  strength 
design  of  the  bridle  dopends  upon  the  maxi¬ 
mum  pilot  chute  foreo  and  tho  efficiency  of 
tho  bridle  connection.  For  strength  calcula¬ 
tions  of  bridles,  sue  paragraph  3.4. 
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CHAPTER  V 
SECTION  4 

PARACHUTE  CONSTRUCTION  DETAILS 


4.1  GENERAL. 

The  methods  by  which  the  parachute  may  be 
assembled  from  Ha  component  parts  are  limited 
in  number  and  variety,  both  by  available  equip¬ 
ment,  principally  sewing  machines,  and  by  the 
physical  properties  of  applicable  materials. 
While  thin  Is  of  major  importance  to  the  eco¬ 
nomics  of  parachute  manufacturing,  fabrication 
methods  also  have  considerable  Influence  on  the 
strength,  elasticity,  and  flexibility  of  the  struc¬ 
ture,  These  constitute  design  criteria  relating 
mainly  to  details  of  assembly  At  seams,  joints, 
and  hems,  the  types  of  which  depend  on  their 
location  and  function. 

4.2  LAYOUT  AND  CUTTING. 

Hie  large  number  of  pieces  of  material  that 
must  be  handled  and  assembled  to  form  a  canopy 
makes  it  mandatory  that  layout  markings  and 
indexing  points  be  held  to  a  minimum.  Since 
section  edges  can  be  cut  accurately  enough  to 
serve  as  mating  points  as  well  as  seam  and 
hem  bases,  layout  marks  are  not  usually  re¬ 
quired  on  the  fabric  in  the  construction  of  large 
parachute  canopies.  Some  dimensional  varia¬ 
tions  will  result  from  lack  of  uniformity  In  the 
lay  of  successive  layers  of  fabric  during  the 
cutting  operation.  The  flexibility  of  the  weave 
pattern  makes  this  a  difficult  factor  to  control, 
unless  some  form  of  temporary  filler  or  sizing 
can  be  applied  to  the  fabric. 

Lines  and  tapes  are  measured  and  marked 
under  sufficient  tension  to  assure  uniformity. 
A  force  of  20  pounds  is  commonly  used  for 
suspension  lines,  but  tensions  as  low  as  5 
pounds  are  satisfactory  for  short  lengths  of 
heavy  or  unelastlc  materials,  such  as  tapes  and 
tubular  webbings. 

In  constructions  where  the  suspension  lines 
pass  oyer  the  drag  producing  surface,  the  skirt 
and  vent  edge  intersection  points  are  marked 
on  the  lines.  Since  the  lines  are  stitched  to 
the  cloth  surface  only  at  the  skirt  and  vent, 
the  intervening  fullness  of  fabric  represents 
no  problem.  In  all  types  of  construction  requir¬ 


ing  the  continuous  attachment  of  tapes,  web¬ 
bings,  and  circumferential  bands  to  the  exterior 
surface  of  the  cloth,  uniform  distribution  of 
cloth  fullness  along  the  seam  Is  difficult  to 
achieve.  It  is  frequently  necessary  to  provide 
numerals  intermediate  indexing  marks  on  both 
tape  and  cloth  surfaces  to  guide  the  sowing, 
and  tacking  or  basting  may  also  be  required. 
The  main  seams  provide  indexing  marks  for 
circumferential  bands  so  that  only  the  tape 
need  be  marked  for  each  intersection.  Radial 
dimension  marks,  however,  are  needed  on  the 
drag  producing  surface  for  reinforcing  bands 
at  intermediate  locations  between  skirt  and 
vent.  The  problem  of  distributing  fullness  along 
a  seam  arises,  even  though  the  measured 
lengths  of  cloth  and  tape  are  the  same,  be¬ 
cause  of  the  great  difference  In  elasticity,  but 
this  difference  diminishes  with  increasing 
weight  of  fabric. 

4,3  SEWING  AND  STITCHING. 

Stitching  with  thread  by  means  of  a  variety  of 
sewing  machines,  and  sometimes  by  hand,  is 
the  traditional  method  for  joining  textiles. 
Strong,  efficient  joints  result  when  the  correct 
number,  spacing,  and  pattern  of  stltcbings  are 
employed.  The  strongest  type  of  stitch  is  the 
two-thread  link  stitch  formed  by  most  sewing 
machines  when  the  proper  tension  is  applied. 
Zigzag  stitching,  both  single  and  double  throw, 
in  valuable  In  parachute  work  primarily  be¬ 
cause  seams  and  joints  bo  joined  are  capable 
of  great  elongation  without  creating  excessive 
tensile  stress  in  the  thread  itself. 

Several  difficulties  of  varying  Importance  arise 
in  the  stitching  together  of  parachute  compo¬ 
nents.  These  difficulties  must  be  watched 
closely.  The  tightness  of  the  stitching  resulting 
from  the  necessary  thread  tension  has  two 
effects  which  may  be  undesirable  in  certain 
types  of  seam,  namely;  because  of  gathering 
between  each  needle  penetration,  the  finished 
length  of  the  seam  is  shorter  than  the  cut 
length  of  the  material;  and  the  binding  together 
o f  the  material  creates  friction,  which  reduces 
the  flexibility  and  elasticity  of  the  joint.  In 


WADC  TR  55-285 


5-4-1 


machine  sewing,  differential  feed  can  occur 
between  the  upper  and  lower  pieces  of  ma¬ 
terial  being  Joined,  thus  causing  eui  mating 
points  to  pull  out  of  register  as  the  seam  is 
sewn.  Yarn  filaments  are  broken  by  noodle 
penetration,  thereby  weakening  the  basic  fab¬ 
ric.  The  thread  itself  may  be  weakened  or 
broken  in  thick  joints  anti  at  Ream  intersections 
as  a  result  of  increased  friction  et  penetration 
attending  the  superposition  of  successive  rows 
of  stitches.  High  speed  sewing  may  weaken 
nyion  materials  by  frictional  overheating. 


When  differential  feed  or  creep  of  materials 
can  not  be  overcome  to  the  extent  required  by 
Uie  dimensional  tolerances  of  the  structure, 
tasting  may  become  necessary.  Where  the  use 
of  cement  is  permissible  for  basting,  the 
q»»:>nt  ty  of  cement  applied  to  one  point  must 
be  careful' v  metered  so  that  the  area  of  fabric 
affected  is  v^ry  nmall  in  diameter  (generally, 
approximately  '1  Inch).  All  of  the  thicknesses 
of  material  at  *>  ser.m  or  Joint  should  be 
joined  by  one  applicat  ion  on  the  center  line  or 
midpoint.  The  cement  must  set  quickly  and 


remain  flexible  with  age.  Successive  cement 
spots  on  Uie  same  scam  must  be  as  widely 
Bpaced  an  practicable.  Cementing,  used  pri¬ 
marily  in  the  basting  of  ribbon  type  canopies 
for  machine  sewings,  is  considered  undesirable 
bocause  of  possible  deleterious  effects  on  the 
ribbons,  particularly  at  elevated  temperatures. 
Typical  examples  of  unsatisfactory  seams  are 
shown  In  Figure  5-4-1. 

4.4  STRUCTURAL  JOINTS. 

The  many  types  of  hem  and  seam  employed  in 
the  construction  of  parachute  canopies  have 
certain  geometrical  properties  in  common.  The 
width  of  an  integral  reinforcing  tape,  Mid  the 
number  of  rows  and  spacing  of  stitching,  la 
determined  by  strength  and  other  functional 
requirements.  The  width  of  hem  or  eeam  al¬ 
lowance  la  governed  by  the  type  form.  The 
simplest  types  of  hem  and  seam  are  generally 
used  where  th<e  fraying  of  an  exposed  cut  edge 
is  not  objectionable.  Otherwise,  Bin  additional 
turn  of  fabric  is  required  to  place  the  out  edge 
inside.  The  rolled  hem  and  French  fell  seam 


Figure  5-4-1.  Typical  Examples  of  Unsatisfactory  Seams 
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are  commonly  employed  lor  this  an 

well  as  lor  slightly  greater  strength.  A  bound 
hem  la  used  occasionally!  such  as  on  the  skirt 
and  vent  ol  the  Ribless  Guide  Surlace  type 
parachute  canopy  (Figure  5-4-2).  There,  a 
narrow  strip  of  labric  or  webbing  is  applied  to 
the  cut  edge  and  rolled  under  on  each  side.  An 
integral  reinforcing  tape  may  also  be  bound 
Into  the  hem  at  the  name  time  by  this  moans. 
A  typical  joint  ol  roof  panels  of  a  Ribless 
Guide  Surface  type  canopy  in  shown  in  Figure 
8-4-3. 


IS 


b.  Lines  tied  to  loops  formed  at  the  end  of 

each  main  seam  rib  as  shown  in  Figure  j 

5-4-6.  J. 

c.  Lines  formed  as  continuous  extensions 

of  main  seam  ribs  made  of  narrow  ; 

webbing.  i 1 


Joint  reinforcements  at  the  skirt,  made  ol 
short  lengths  of  tape  or  webbing,  include  the 
following  arrangements; 


Geometrically  porous  canopies  have  many  ad  * 
ditional  free  edges  that  must  be  hemmed,  ex¬ 
cept  where  selvages  are  strung  enough  alone, 
as  on  the  ribbon  type  parachute  canopies.  Such 
factors  materially  affect  the  economy  of  fab¬ 
rication. 


a.  The  common  "butterfly"  tape  shown  in 
Figure  6-4-8. 

b.  A  single  lapped  doubler. 

c.  Two-piece  doublers,  insldo  and  out,  and 
combinations  of  doublers,  butterflies, 
and  looped  rib  extensions. 


In  addition  to  the  common  practice  of  sewing  The  design  objective,  with  respect  to  economy 

the  suspension  lines  tu  the  drag  producing  sur-  of  fabrication,  is  to  obtain  optimum  joint  effi- 
facri  at  skirt  and  vont  with  double-throw  eig-  clency  and  serviceability  with  maximum  slm- 

eag  stitches,  there  are  such  practices  as;  pllcity  oi  construction.  The  number  of  parts 

and  operations  must  be  the  fewest  possible 
a.  Lines  lapped  over  and  stitched  to  the  consistent  with  functional  requirements,  and 
ends  of  main  seam  ribs  or  reinforce-  preference  is  given  to  operations  that  can  be 

rnent  tapes  at  the  skirt.  This  arrange-  performed  to  advantage  on  high  speed  mo¬ 
ment  is  shown  in  Flguro  8-4-4.  chines. 


VENT  SEAM  CONSTRUCTION 


SKIRT  SEAM  CONSTRUCTION 

Figure  5-4-2.  Skirt  and  Vent  Construction ,  Ribless  Guide  Surface  Type  Parachute  Canopy 
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Figure  6-4’3.  Typical  Joint  Construction  of  Roof  Panels ,  Ribless  Guide  Surface  Type 


4.6  STRENGTH  OP  JOINTS  AND  SEAMS. 

When  Joining  fabric  components  into  one  com¬ 
plete  structure,  it  is  important  to  make  the 
junction  in  such  a  manner  that  the  strength  of 
tho  Joint  is  not  below  that  of  the  components 
being  Joined.  This  ideal  is  not  always  realized. 
A  relationship  can  bo  set  up  between  thin  ma¬ 
terial  and  Joint  (Joint  efficiency  factor),  which 
la  defined  as  •  “  • 

_ Strength  of  Joint _ 

V  Strength  of  Material  being  Joined 


Failure  can  occur  in  one  of  two  ways,  or  a 
combination  of  both.  Tho  first  in  the  failure  of 
tho  stitching  thread,  and  the  second,  the  failure 
of  the  matorlals  being  Joined.  Thread  failures 
should  normally  occur  in  the  efficiency  range 
of  0-100%.  The  uppor  limit  designates  a  fabric 
failure.  The  fabric  is  mole  likely  to  fall  at  the 
Joint  at  a  lower  value  than  if  the  failure  woro 
in  the  unobstructed  fabric.  The  probable  cause 
for  this  is  the  weakening  of  the  material  by 
cutting,  or  damaging  of  the  yarns  as  the  needle 
passes  through  the  fabric,  or  a  local  reduction 
of  the  elasticity  because  of  friction  between  the 
layers  caused  by  the  tightness  of  the  stitching. 
The  strength  of  a  sewn  joint  depends  on  the 
,’oUowing  covered  in  the  paragraphs  below. 


4.5.1  TYPE  OF  STITCH.  There  are  many  dif¬ 
ferent  types  of  stitches,  all  described  in  the 
Federal  Specifications  for  Stitches,  Seams,  and 
Stitching,  DDD-5-751.  The  moat  frequently 
used  are  Type  301,  which  is  formed  by  two 


Figure  5-4-4.  Suspension  Line  Connection 
to  Skirt,  FIST  Ribbon  Type 
Parachute  Canopy 


Figure  5-4-5.  Suspension  Line  Connection 
to  Skirt  Loop  Attachment 
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Figure  S-4-6,  Joint  Reittforcenumt, 
Butterfly  7)>pe 

threads,  and  Type  304,  which  la  similar  but  in 
a  zigzag  pattern  (single  throw).  Hie  elasticity 
of  a  seam,  which  depends  on  the  type  of  stitch, 
should  be  the  same  as  the  elasticity  ol  the  ad¬ 
joining  material. 

4.3.2  TYPE  OF  THREAD.  Usually,  the  thread 
material  is  tho  same  as  the  fabric  being  joined. 
Nylon  and  cotton  threads  are  extensively  used 
and  arc  coverod  by  Military  Specifications.  It 
is  logical  that,  as  the  strength  of  the  thread  in¬ 
creases,  the  seam  strength  will  increase,  up 
to  a  point  of  100%  efficiency. 

4.3.3  NUMBER  OF  STITCHES  FER  INCH  AND 
STITCHING  PATTERN.  The  stitchllg  pattern 
depends  on  the  materials  being  joined.  Thu 
flat  fabric  seams  consist  of  parallel  rows  of 
zigzag  stitching.  Formed  fabrics,  such  as  lines 
and  webbings,  employ  patterns  that  are  com¬ 
binations  of  straight,  cross,  and  zigzag  stitch¬ 
ing.  The  number  of  stitches  per  inch  used 
depends  on  the  strength  required  and  the  type 
of  material,  but  is  restricted  by  the  working 
range  of  a  given  sewing  machine.  Both  the 
number  of  stitches  per  inch  and  the  pattern 
(numoer  of  rows;  are  varied  to  achieve  the 
desired  strength.  It  would  be  expected  that  an 
Increase  in  either  or  both  would  increase  the 
strength,  up  to  some  point  where  the  nearness 
of  the  penetrations  might  possibly  cause  a  de¬ 
crease  in  strength.  As  the  breaking  strength 
of  the  fabric  is  surely  not  Increased  as  the 
number  of  rows  or  stitches  per  inch  is  in¬ 
creased,  it  can  be  assumed  that  the  thread 
failures,  not  the  cloth  strength,  are  contribut¬ 


ing  factors.  However,  if  the  strength  of  the 
cloth  is  reached,  the  addition  of  more  stitches 
cannot  make  the  seam  any  stronger.  The  de¬ 
pendence  .  of  seam  efficiency  on  stitches  per 
inch  for  various  canopy  cloth  materials  and 
rows  of  stitches  is  graphically  illustrated  tn 
Figure  3-4-7. 

4.0.4  SEAM  CONSTRUCTION  AND  TYPE  OF 
SEAM.  In  goneral,  the  type  of  the  seam  Is 
dictated  by  the  number  and  size  of  materials 
and  reinforcements  being  Joined.  The  common 
flat  fabric  searae  are  illustrated  in  Figure 
3-4-8.  ITie  seam  type  has  an  effect,  on  the 
resulting  strength. 

4.9.3  STRENGTH  OF  SUSPENSION  UNE 
SEAMS.  There  are  three  different  iypen  of 
Joints  which  occur  in  the  suspension  line  sys¬ 
tem,  the  line-to-skirt  type,  the  line-to-rleer 
type,  and  the  line-to-line  type.  In  the  sus¬ 
pension  line-to-skirt  joints,  the  suspension 
line  joins  the  skirt  periphery  at  a  point  where 
the  main  radial  seam  Joins  the  skirt  Item.  The 
suspension  line  can  be  either  a  continuation  of 
all  or  part  of  the  members  that  make  up  tha 
radial  seam  or  it  can  be  a  separate  member 
that  is  attached  to  the  skirt.  The  former  is 
always  sewed  to  the  canopy  in  the  skirt  band 
area,  with  reinforcements  optimal.  The  latter 
can  be  of  two  general  types,  a  loop  connection 
and  an  ontirely  sewed  connection.  In  general, 
the  looped  joint  is  more  efficient  than  the  com¬ 
pletely  sewed  joint,  with  t?  approximately  90%, 
compared  to  80%  for  the  entirely  sewed  type. 
The  method  of  construction  nf  the  Joint  is 
partially  suggested  by  the  size  of  the  members 
being  joined.  Other  than  this,  a  type  is  selected 
which  has  proved  satisfactory  in  the  past.  Ex¬ 
ceptions  to  this  selection  method  are  the  para- 
chuto  canopies  constructed  according  to  speci¬ 
fications,  such  as  the  FIST  Ribbon  and  Rlngslot 
types. 

In  the  suspension  line-to-rlser  joint,  two  basic 
types  are  used:  a  completely  sewed  joint,  and  a 
combination  loop  and  sewed  joint,  sometimes 
with  a  metal  link.  The  latter  is  the  more 
common.  The  line  is  tied  to  the  link  and  the 
free  end  attached  to  the  line  by  various  means. 

The  suspension  line-to-line  joint,  in  its  most 
common  form,  is  a  stitched  lap  joint. 


WADC  TR  55-285 


5-4-5 


’  MUMIUI,.  oxow,  Wiirt,.,  J.  MMI« «..  j_-.ssw.-i  ,n 


CHAPTER  V 
SECTION  S 

PARACHUTE  MATERIALS 


5.1  GENERAL. 

Since  the  parachute  designer  has  little  or  no 
control  over  the  actual  design  of  textiles,  he 
mue«  have  available  the  information  necessary 
for  the  evaluation  of  the  proper  material  for 
his  specific  application. 

Selection  of  the  most  suitable  material  for 
parachute  design  is  imperative.  Not  only  is 
the  strength  of  the  parachute  determined  by 
the  strength  of  the  textile  material,  but  also 
the  actual  parachute  performance  characteris¬ 
tics.  Properties  such  as  porosity  and  biaxial 
orientation  of  the  load-carrying  yarns  must  be 
taken  into  consideration. 

The  properties  of  the  basic  fiber,  yarn,  and 
final  textile  form,  all  differ  to  some  degree. 
The  material  specifications  given  under  para¬ 
graph  5.9  reflect  the  properties  of  the  final 
form. 


5.2  HEAT  PROPERTIES  OF  MATERIALS. 


Heat  properties  of  the  material  must  be  'on- 
aldered,  when  the  parachute  stowage  area  an- 
net  be  properly  insulated  or  ventilated.  Gen¬ 
erally,  compartment  temperatures  should  be 
limitea  to  250°  F<  for  nylon,  and  800*  F.  for 
dacron  materials.  Av  temperatures  above  280" 
F.  the  rate  of  strength  loss  in  nylon  increases 
rapidly  with  increase  in  temperature.  Also, 
the  percentage  loss  in  tenacity  at  280*  F. 
varies  roughly  as  the  logarithm  of  the  time 
exposure.  The  melting  point  of  nylon  and 
dacron  in  air  is  approximately  482*  F. 


Detailed  properties  of  natural  and  man-made 
fibers  suitable  for  utilisation  in  materials  for 
parachute  design  are  presented  in  Table  1. 
Physical  properties  of  these  fibers  are  listed 
in  Table  11. 
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PROPERTY 


COTTON 


811, K 


VISCOSE  RAYON 


FORTI8AN 


_ _ _  ....  _J _ 

Effect «( Heat 

highly  resistant 
to  dry  heat;  yellow 
at  248"f,;  decom¬ 
poses  at  aoaop,! 
burns  freely  in  atr 

Begins  to  decom- 
a  Hoao  at  ii'/(luF,; 
rapid  disintegration 
above  300UF.;  burns 
readily 

Loses  nlreitgih 
above  300"F,;  tfe- 
compose*  at  3B0UF. 
to  400"F,;  burmi 
rapidly 

Scorcla-r  in  Iron¬ 
ing  ni  about  20"C. 
higher  than  cotton, 
otherwise  uboul 
like  cotton,  vIh- 
cose  rayon 

Yellows  aifeli'-ly 
300"F,  when  ex- 
poHed  lor  8  hr,: 
melis  at  482^, 

Effect  of  Age 

Little  or  none 

Slight  yellowing  and 
loss  of  temtife 
strength 

Blight 

Little  or  none 

Virtually  none 

Effect  of  Sunlight 

Loss  of  strength; 
formation  of  oxy. 
cellulose;  tendency 
to  yellowing 

Loss  of  tensile 
strength;  affected 
more  than  cotton 

femes  tensile 
strength  after  pro- 
iunged  exposui  e; 
very  little  dis¬ 
coloration 

femes  strength; 
tenda  to  color 

Loses  strength  on 
prolonged  exposui 
no  discoloration; 
bright  yarn  more 
resistant  than 
semldull 

Effect  of  Acldn 

Disintegrated  by 
hot  tlllu.  a  acids  or 
cold  comisntrated 
adds;  unaffected  by 
cold  weak  a  ;  Ids 

Fairly  resistant  to 
weak  sc  life;  dissolved 
by  strong  acids  ex¬ 
cept  nitric  which 
only  yellows  silk 

Similar  to  cotlon; 
hot  dilute  or  cold 
concentrated  disin¬ 
tegrate  the  fiber 

Simitar  to  cotton; 
hot  dilute  or  cold 
concentrated  din  In¬ 
tegrate  the  fiber 

Bolling  In  8%  HC1 
ultimately  causes 
disintegration;  din 
solves  with  at  feat 
partial  decompusl 
Hon  in  cold  cone, 
solutions  of  sulfur 
or  nitric  acids 

Effect  of  Alkalis 

Shells  (morccrlsa- 
tlon)  in  caustics, 
but  no  damage  un¬ 
less  prolonged  ex¬ 
posure  In  presence 
of  air 

Hot  sensitive  to 
dilute  alkalies  un¬ 
less  hot;  dissolves 
in  strong  alkalis 
above  pH  of  9.8 

Strong  solutions 
cause  swelling  and 
reduce  the  strength 

fllrong  caustic 
shrlnkn;  an  la 
morcerlalng 

Substantially  Inert 

Effect  of 
Other  Chemicals 

Bleached  by  hypo¬ 
chlorites  and 
peroxides,  oxidised 
into  oxycelluloso  by 
strong  oxidising 
agents;  disinte¬ 
grates  in  cupram- 
raontum  hydroxide 

Above  pH  11  snd 
below  pH  3  the  sta¬ 
bility  decreases 
rapidly 

Attacked  by  strong 
oxidising  agents; 
not  damaged  by 
hypochlorite  or 
peroxide  bleaches 

Resistant  to 
bleaches,  phenols, 
and  dyehouse 
reagents 

Generally  good 
resistance 

Effect  of 
Organic  Solvents 

Resistant 

Resistant 

Generally  Insolu¬ 
ble;  soluble  Ir. 
cuprammonlum 

Unaffected 

Generally  insolu¬ 
ble;  soluble  In 
some  phenolic 
compounds  and  In 
concentr.  formic 
acid 

Resistance 
to  Moths 

Wholly 

Attacked,  but  par- 
tcaliy  resistant 

Wholly  V 

Vholly 

Resistance 
to  Mildew 

Poor,  unless 

Reached  or 
icetylated 

>oor  resistance 

Attacked  5 

c 

lame  as  for 
otton 

Wholly 
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5.3  TABULATION  OF  PARACHUTE  MATERIALS. 
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590  1-1/4 
215  1*1/2 
350  1 


11.30  11.00  3,750 
16.00  16.00  2,725 


CHAPTER  5 
SECTION  6 

SAMPLE  PARACHUTE  CALCULATION 


fi.  I  GENERAL. 


This  sample  calculation  has  been  Included  to 
erne  at*  a  guide  lor  steps  to  be  taken  to  design 
a  parachute  canopy  lor  a  particular  application, 
For  the  purpose  o(  this  sample  calculation, 
FIST  Ribbon  type  parachute  canopies  are  con¬ 
sidered. 

6.2  DECELERATION  BY  PARACHUTE. 


As  pointed  out  in  previous  chapters,  decelera¬ 
tion  parachutes  are  used  (or  deceleration  ot 
high  cpoed  aircraft  in  case  of  emergency, 
during  aircraft  approach  and  landing,  and  in 
the  firnt  stages  of  missile  and  drone  recoveries. 


In  level  flight,  the  mechanism  uf  decoloration 
is  as  follows:  The  decelerating  force  equals 
the  drag  developed  ,  by  the  parachute  canopy. 
Hence 


D  i 


e  8  4  v 

Do  *»  2 


2-^ 


W  dv 
g  dt 


dv/dt 


W 


wherein  cdJ30  va  represents  the  drag  term 

and  W/g  is  the  mass  of  the  aircraft  to  be  de¬ 
celerated.  It  should  be  noted  that  the  decelera¬ 
tion  ev/dt  In  ft.  per  see.2  Is  a  negative  quantity. 
The  absolute  value  la  considered,  however,  in 
the  above  equation.  Solving  the  equation  for 
time 


From  this  equation  the  deceleration  is  found 
to  be 


dv/dt  1  Po  a 

g  W_c0oB°  °  T  v 


Replacing  the  drag  term  by  the  speed  differential 


The  deceleration  Is  maximum  at  the  beginning 
of  the  maneuver,  where  vuVj;  hence 

y./va 

—S *3T  (vj-va) 


The  maximum  force  corresponding  to  this 
equation  ts  important  for  the  structural  strength 
of  both  the  parachute  canopy  and  the  aircraft 
or  missile.  It  is  to  bo  noted  that  the  last  two 
equations  are  independent  of  altitude  and  den¬ 
sity.  The  chart  in  Figure  5-0-1,  by  present¬ 
ing  numerical  solutions  of  the  last  equation, 
serves  to  determine  the  maneuver  to  be  per¬ 
formed  by  the  aircraft.  Theoretically,  the  ac¬ 
celeration  of  gravity  g  decreases  with  altitude. 
However,  at  70,000  ft.  altitude,  the  value  of  g 
has  only  decreased  by  1/2  percent.  After 
selecting  value  and  time  of  deceleration,  the 
parachute  canopy  size  is  determined  as  follows 


.  w  n  i\ 
CD  .£&  is  Va"  vi/ 

*u  2 


dt  a 


w 


cD0So 


dv 


wherein  op  a  (,  a  density  at  the  altitude  con¬ 
sidered.  The  ratio  o  is  plotted  In  Figure 
5-3*2.  By  integrating,  the  time  to  decelerate 
from  the  initial  speed  vj  to  the  final  velocity 
va  is  found  to  be 


The  corresponding  parachute  canopy  diameter 
is  then 


wherein  the  first  root  term  is  equal  to  1/6.5 
and  the  value  for  Vl/o-  may  be  obtained  from 
Figure  5-3-2.  The  chart  in  Figure  5-6-2  pre¬ 
sents  a  solution  of  the  last  equation  for  a  FIST 
ribbon  type  parachute  canopy  having  a  drag 
coefficient  =  0.5. 
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GIVEN  :  INITIAL  SPEED  -  436  MPH  380K 
FINAL  SPEED-  250  MPH  220 K 
DECELERATION  TIME  ■  10  SEC. 

FIND  MAX.  DECELERATION  (a's) 

procedure: 

1.  LOCATE  POINT  "A"  ON  TRUE 
AIRSPEED  SCALE 

2.  MOVE  HORIZONTALLY  TO  POINT  HB" 
(FINAL  SPEED- 250  MPH)  217  K 

3.  MOVE  VERTICALLY  TO  POINT  "C" 

. . Baa  (DECEL.  TIME  - 10  SEC.) 

«•  ^AD  DECEL.-  l.9o‘«  AT  MD" 


^KfgBgBmUlinil  lilHtgjjt 

lyfTlMIMTtinfMliMtl  ff 
lifli  mIitIiIimIIIm  ■  1 14  IfiHf1 

m  1 1 1  i ,  i  'i 1  'i  11  a  i  1  i 1 1 

1 _ t  TT  I  *  T  H  ttttt rT~H  1 1  t 
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HHHi  fTTyfT  M M ri  H  rTt+tt H4tn rr*  1  1  Mrr 


■titgm?# 


m 


_ _ _ _ _ _  _ 

FINAL  TRUE  AIRSPEED  Ml  250(217  K)  gif  200  (174  K)  I 


W«8Pfw 


Figure  5-6-1.  Determination  of  Deceleration  Maneuvers  of  Aircraft 
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Figure  5-6-2.  Selection  Chart  for  Emergency  Deceleration  Parachutes 


6.3  SAMPLE  CALCULATION  FOR  FIRST 
STAGE  MISSILE  RECOVERY  APPLICA¬ 
TION. 

For  this  sample  calculation,  the  following  char¬ 
acteristics  were  chosen: 


wherein  cD  SQ  =  Drag  Area  =  39  123  ft2 
"o 

a  a  Opening  Shock  Factor  a  1,1 

F_  a  29.123  •  0.37  •  0,001189  •  (U82)2  ’  1.1 
«  19668  lb. 


Weight  (including  recovery 
parachutes)  W  a  3680  lb. 

Speed  at  instant  of  sus¬ 
pension  lilts  stretch  v8  a  700  knots 

b  1182  ft, /sec. 

Altitude  (constant)  H  b  30000  ft, 

Deceleration  limit  g  *  B 


A  desired  parachute  canopy  type  is  selected 
from  Chapter  U  governed  by  the  following 
factors: 


8.3.2  INSTANTANEOUS  CANOPY  LOADING. 


F  r 


19688 


CDqS0  29.123 


876  lfl/ft.2 


fl.3.3  REQUIRED  CANOPY  POROSITY.  Re¬ 
quired  total  porosity  for  the  drag  producing 
surface  is.  chosen  from  Figure  6-13-15.  For 
this  low  supersonic  brake  application  and  a 
eanepy  diameter  *»  8.0 Ht.,  the  total  porosity 
required  will  be  approximately  \  t  n  19%. 


a.  Capable  of  operation  at  low  BPi.wrsoni 
deployment  speeds 

b.  Reliable  operation 

c.  Good  stability 

d.  Low  opening  shock 

e.  Minimum  bulk  and  weight 

f.  Minimum  manufacturing  cost. 


8.3.4  REQUIRED  SUSPENSION  LINE 
STRENGTH.  From  Table  1,  paragraph  3.2.4, 
Chapter  V,  the  design  factor  for  missile  and 
msule  recovery,  deceleration  stage  npplica- 
tiu.. '  •■  commended  to  be 

Design  Factor  (Nylon)  n  n  2.77 


Maximum  parachute  packing  volume  available 
Is  approximately  2500  cubic  inches.  Based  upon 
these  factors,  the  choice  is  made  to  use  a  FIST 
Ribbon  type  canopy  for  this  application.  Not 
considering  any  possible  influence  of  com¬ 
pressibility,  the  drag  coefficient  of  this  para¬ 
chute  canopy  type  Is  cD  «  0.6.  It  will  also  be 

0 

assumed  that  the  deceleration  essentially  takes 
place  at  constant  altitude  (of  30,000  ft.)  with 
o  m  0.37  as  found  in  Figure  6-3-2.  Using  equa¬ 
tion 


the  maximum  deceleration  is  found  to  be 
dv7dt  *  0.6  •  0.37  •  0.002378  •  (1182)2  „ 

. .  "■  ■  O  a  —  ~  —  -  B. 

g  3580  ■  2  1 


The  total  design  strength  for  all  suspension 
lines  is  therefore 

Design  Strength  of 

Suspension  lines  «  F0  •  c  ■  Design  Factor 

wherein  c  »  1.055  for  an  assumed  line  length 
ratio  lg/D0  a  1 

F0  «  Opening  Shock  Force  ■  19088  lb. 

Design  Strength  of  Suspension  llneB 
a  16888  •  1.065  ‘  2.77  -  57535  ib. 

6.3.5  REQUIRED  NUMBER  OF  GORES  IN  THE 
DRAG  PRODUCING  SURFACE.  No  systematic 
approach  has  as  yet  been  established  to  deter¬ 
mine  the  number  of  gores  required  in  any  par¬ 
ticular  type  of  drag  producing  surface.  However, 
experience  has  shown  that  the  following  ap¬ 
proach  will  yield  sufficiently  accurate  design 
data. 


The  required  area  of  the  canopy  drag  producing 
surface  is  then  SQ  a  58.248  ft.*  and  the  diameter 
Is  D0  =  8.81  ft. 

5.3.1  OPENING  SHOCK  FORCE  OF  PARA¬ 
CHUTE  CANOPY. 

vs2x 


As  a  first  approach  toward  the  determination  of 
number  of  gores  required  in  a  drag  producing 
surface,  one  may  add  the  value  of  the  deter¬ 
mined  canopy  diameter,  in  this  case  "8",  and 
the  number  ''4",  which  gives  "12".  Every  effort 
should  be  made  to  arrive  at  a  figure  divisible 
by  "4"  in  order  to  balance  the  forces  trans¬ 
mitted  from  the  drag  producing  surface  to  the 
suspended  load  and  to  make  suspension  line 
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connections  to  the  risers  easier.  An  increase 
in  the  number  of  gores  will  yield  higher  canopy 
stability!  decrease  strength  requirements  f  or 
individual  lines,  labi  le,  or  ribbons,  but  may  re¬ 
sult  in  increased  bulk  and  weight  of  the  canopy. 
Here,  a  compromise  will  have  to  be  made. 

For  the  purpose  au  this  example  the  gore  num¬ 
ber  selected  is  "12",  since  only  limited  pack¬ 
ing  volume  ie  available  and  canopy  stability  is 
considered  sufficient.  The  individual  suspension 
line  design  strength  required  is  then 

Deoign  Suspension  line  Strength 

o  12MS.  4TS9  lb. 

12 

A  webbing  suitable  for  suspension  line  use 
having  a  breaking  strength  of  4800  lb.  is  not 
standard;  consequently,  a  somewhat  stronger 
line,  which  is  standard,  will  have  to  be  ehoeen. 
From  Section  8,  Parachute  Materials,  one  finds 
a  woven  nylon  webbing,  Specification  MIL-W- 
4088B,  Type  XVIII.  having  a  breaking  nl  rang  lit 
of  6000  lb.  Hits  webbing  Is  chosen, 

6.9.6  GORE  DIMENSIONS.  Having  established 
the  required  canopy  drag  area,  the  canopy  di¬ 
ameter,  and  also  the  number  Of  gores,  the 
overall  gore  dimensions  can.  now  bo  established. 

The  constructed  diameter  Dc  of  the  drag  pro¬ 
ducing  surface  In 


wherein  S0  «  88.246  tt.^  «  8388  inch^ 

T7  a  Polygon  Shape  Factor  =  3.00 
(From  Table  XI,  par.  3.2B,  Chap¬ 
ter  V) 


a  105.72  inch  %  105  3/4  inch 
The  gore  base  width  is  then 

eg  =  Dcsin| 

wherein  fi  *  30°  (enclosed  gore 

angle) 

e  =•  8.81  •  0.2588  =  2.28  ft.  =•  27.38  inch 
*  %  27  3/8  inch 


and  the  height  of  the  gore  (to  apex) 

h2  o  ^  cos  g  -  ?£-•  0.9689  a  4.28  ft.  »  31  inch 
o  2  2  2 

For  this  relatively  small  parachute  canopy  the 
total  vent  area  is  assumed  to  be  1%  of  the  con¬ 
structed  area  of  the  drag  producing  surface. 
This  relatively  large  value  was  chosen  due  to 
the  fact  that  a  major  portion  of  the  vent  will  be 
covered  by  the  vent  bands.  Therefore,  the  vent 
diameter  dy  ■  10,37  inch  fc  10  1/2  inch. 

The  gore  width  at  the  vent  is 

Cgo  a  dy  sin-=  a  10.87  •  0.2888  o  2.73  inch 

%  2  3/4  inch 

In  order  to  relievo  high  stresses  in  tike  vent 
area,  fullness  is  added.  Experience  has  shown 
that  for  canopies  with  high  instantaneous  canopy 
loading,  fullness  in  the  vent  area  should  be  ap¬ 
proximately  10%;  thus 

e_  b  1.1  ’  e-  a  l.l  •  2.7.3  a  3.00  inch 
*v  Bo 

Shortening  of  the  vent  lines  relative  to  the  vent 
diameter  creates  an  effective  fullness  on  the 
upper  lateral  band  and  reduces  the  load  in  the 
band,  which  Is  desirable.  A  vent  line  reduction 
of  14%  Is  recommended,  again  due  to  the  In¬ 
tended  canopy  application.  For  lower  instan¬ 
taneous  canopy  loadings,  vent  line  reductions 
as  low  as  7%  are  used. 

Free  vent  line  length  a  dy  -  0.14  dy 
d  10.67  -  1.48 
»  9.09  Inch  fc  9.0  Inch 

Now  the  actual  constructed  height  of  the  gore 
can  be  determined.  It  is 

dv 

ha“  hg  "“5  C08T 

a  51.0  -  (5.285  •  0.9659) 
b  51.0  -  5.10  a  45.90  inch  %  46  inch 


6.3.7  GORE  DETAILS.  (See  Figure  5-6-3.)  The 
first  step  in  definitizing  details  of  the  gore  is 
to  select  a  suitable  horizontal  ribbon.  Accord¬ 
ing  to  Figure  3-3-3,  and  based  upon  an  estab¬ 
lished  gore  base  width  eg  a  2.28  ft.  and  a  cal¬ 
culated  instantaneous  canopy  loading  of  676 
lb. /ft.  ,  horizontal  ribbons  of  1000  lb.  tensile 
strength  are  required.  Therefore,  nylon  ribbons, 
Spec.  MIL-R-56Q8B,  Class  E,  Type  II,  1000  lb. 
tensile  strength,  are  chosen.  The  width  of  these 
ribbons  is  2.0  inch. 


WADC  TR  55-265 


5-6-5 


the  required  geometrical  porosity  a»  is  equal 
to  the  total  porosity  required 

19% 

In  order  to  compensate  for  the  loss  oi  porosity 
effected  by  the  radial  ribbons,  vent  ribbons, 
and  to  correct  for  the  increased  porosity  ob¬ 
tained  from  the  vent,  «.  correction  factor  for 
the  required  porosity  is  determined.  This  value, 
Xg,  Is  obtained  from  Figure  5-3-17  and  added 
to  the  established  value  tor  For  a  canopy 
diameter  of  D0  =  8.81  ft.,  the  correction  factor 
is  Xa  -  2.45.  Therefore,  the  corrected  porosity 
(actual)  is 

KSa  "  Xg  +  Ka  B  10  +  2,45  a  21«45% 

Vertical  ribbons  are  added  mainly  to  maintain 
ribbon  spacing.  A  vertical  tape,  9/16  inch  wide, 
Spec.  MIL-T-5038,  TAPE,  Nylon,  Reinforcing, 
is  chosen.  Since  tills  parachute  canopy  is  to  bo 
used  for  first  stage  missile  deceleration,  and 
the  canopy  is  required  to  open  rapidly,  a  ver¬ 
tical  ribbon  spacing  of  3.0  inches  is  selected 
(according  to  par.  3.2.10,  Chapter  V). 


Based  upon  tho  above  data,  the  gore  details 
can  now  be  finalized.  Knowing  the  widths  of  the 
horizontal  and  vertical  ribbons,  the  vertical 
ribbon  spacing,  and  the  actual  geometric  por¬ 
osity  of  a  ribbon  grid: 

a  2.0  inch 

Ayg  -  0,825  inch 

ayjt  a  3.0  inch 

»  21.45% 

Ba 

The  horizontal  ribbon  spacing  bjjn  can  be  de¬ 
termined  from  Figure  5-3-18  to  ue  bjjR  h  0.7 
inch. 

The  number  of  horizontal  ribbons  required  may 
be  determined  from 

ha  a  4  <®HR  *  tW  ‘ 

or  hft  45.9 

*°“nB»bHR  '"HR  ■STW  +  0.7*17 

This  will  require  a  redetcrmlnatlan  of  the 
actual  gore  height: 

ha  ■ 4  <®hr  +  W  *  hm 

a  17(2.0  ♦  0.7)  -  0.V  ■  45.2  inch  *49  1/4  Inch 


AU  gore  design  details  have  nov  boon  deter¬ 
mined  and  only  material  for  tho  radial  ribbons, 
shirt,  and  vent  bands,  has  to  be  selected. 

8.3.8  RADIAL  RIBBON.  For  this  parachute 
canopy,  tho  suspension  lines  will  be  routed 
over  the  apex.  The  weight  and  bulk  increase 
as  compared  to  skirt  suspended  suspension 
lines  is  negligible,  if  at  all  detectable,  because, 
for  the  latter  construction,  stronger  radial 
tapes  or  ribbons  have  to  be  used,  since  these 
tapes  or  ribbons  transmit  the  forces  to  the 
suspension  lines.  In  general,  the  combined 
strength  of  the  radial  ribbons,  reinforcement 
tapes,  and  suspension  lines  should  be  at  least 
that  of  the  individual  suspension  line.  For  this 
sample  calculation,  radial  nylon  ribbons  of 
identical  specification  as  those  selected  for  the 
horizontal  ribbons  are  selected.  Two  (2)  rib¬ 
bons  will  be  used  as  radials  in  such  a  manner 
that  the  horizontal  ribbons  are  sandwiched 
between  them. 

6.3.9  UPPER  AND  LOWER  LATERAL  BANDS 
(VENT  AND  SKIRT  BANDS).  Ingeneral  practice, 
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the  strength  d  the  vent  band  should  be  at  least 
equal  to  the  strength  of  the  suspension  line  used 
(or  canopy  constructions  In  which  the  suspen¬ 
sion  lines  are  routed  over  the  apex.  For  con¬ 
struction  In  which  the  suspension  lines  are 
connected  to  the  skirt,  more  strength  should  to 
built  into  the  vent  band.  Consequently,  (or  this 
sample  calculation,  a  vent  band,  6000  lb.  tensile 
strength,  Spec.  MIL-W-4088B,  Type  XUi,  is 
selected. 

The  strength  d  the  shirt  band  should  to  ap¬ 
proximately  equal  to  that  of  tho  aunpension 
line  chosen.  Generally,  however,  (or  FIST  Rib¬ 
bon  type  canopies,  a  double  ply  shirt  band  Is 
used,  so  that  the  ribbons  again  may  be  sand- 
wlehed  between  them,  For  this  canopy,  two  nylon 
ribbons,  3600  lb.  tensile  strength,  1  3/4  inch 
wide,  Spec.  MIL-W-4088B,  Type  VIII,  are  se¬ 
lected. 

6.9.10  RECALCULATION  OF  GEOMETRIC 
POROSITY.  Since  alt  gore  dimensions  have  now 
been  established,  a  redetermination  d  the  ac¬ 
tual  geometric  porosity  of  the  parachute  canopy 
should  to  made.  Hits  is  accomplished  by  means 
d  the  ioUowing  equation 


wherein 

Xga  »  21.46%  VgB  12  gores  Dc  u  105.72  inch 
BjjR  «  2.0  inch  dy  « 10.67  inch  o0b  3.00 


*  fcS)2  (10° ' aM3> 


k8„,.  "  W-S« 

Tills  calculation  shows  that  the  finished  para¬ 
chute  canopy  will  have  a  geometrical  porosity 
very  close  to  the  value  Initially  determined  to 
insure  satis(actory  performance. 

6.3  11  POCKET  BANDS.  Pocket  bands  will  to 
added  to  this  canopy  in  order  to  aid  canopy  in¬ 
flation.  Since  the  strength  d  the  pocket  band 
must  to  at  least  60%  d  the  suspension  line 
strength,  a  nylon  webbing,  9600  lb.  tensile 
strength,  Spec.  MIL-W-4088B,  Type  VUl,  1h 
selected.  Dimensions  (or  the  pocket  bands  are 
obtained  from  Figure  6-9-18.  The  tree  length 
d  the  pocket  band,  toned  upon  a  12-gore  drag 
producing  surface,  is 

L  n  1  *  e  a  0.14  a  27.36  «  3.83  inch 
a  a  g 

*  3  19/18  inch 

8.3.12  CANOPY  DESIGN  AND  CONSTRUCTION 
DATA  SHEETS.  Alter  all  design  data  have  been 
established,  sketches  or  drawings  showing  de¬ 
sign  and  construction  details  and  a  guide  for 
construction  steps  should  be  prepared  to  aid  in 
the  actual  canopy  fabrication.  Hie  following 
pageB  have  been  included  to  aid  in  the  prepa¬ 
ration  d  a  canopy  specification. 
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0.4  CONSTRUCTION  SEQUENCE,  FIST  RIB- 
SON  TYPE  PARACHUTE  CANOPY. 


1.  Assemble  Gore  (Figure  5-0-6) 

2.  Sew  Vertical  Seam  (Figure  5-6-7) 

3.  Sew  Radial  Seam  (Figure  5-6*8) 

4.  Construct  Vent  with  Reinforcing  Dand  (Fig¬ 
ure  8-0-6) 

6.  Construct  Vent  Reinforcing  Band  Overlap 
(Figure  8-8-10) 

6.  Construct  Skirt  with  Reinforcing  Band  (Fig¬ 
ure  6-8-11) 

7.  Construct  Skirt  Reinforcing  Band  Overlap 
(Figure  6-6-12) 

8.  Layout  Suspension  Line  Material  and  Cut  to 
Size  (Figure  5-6-13) 

0.  Attach  Suspension  Lines  (Figure  B-8-14) 

10.  Layout  Pocket  Band  Material,  Cut  to  Sine 
and  Attach  (Figure  5-8-18) 

11.  Tie  and  Soar  all  fcig-Zag  Stitching 
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Figure  6*6 -4,  Material  Data  Sheet,  FIST 
Ribbon  Type  Parachute  Canopy 


Figure  5-6-5.  Component  Parts  for  FIST  Ribbon  Parachute  Canopy 
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Figure  3-6-10,  Skirt  Reinforcing  Band,  Over - 
lap  Stitching  Detail,  FIST  Ribbon  Type 
Parachute  Canopy  6,61  Ft,  Diameter 


Figure  5-6-14.  Suspension  Line  Attachment, 
FIST  Ribbon  Type  Parachute  Canopy  8.61  Ft. 
Diameter 
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Figure  8  ”6 "13,  Suspension  Line  and  Line 
Markings,  FIST  Ribbon  Type  Parachute 
Canopy  8.61  Ft,  Diameter 


Figure  5-6-16.  Pocket  Band  and  Stacking, 
FIST  Ribbon  Type  Parachute  Canopy  8.61 
Ft,  Diameter 
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CHAPTER  VI 

ACCESSORIES  AND  CONTROL.  DEVICES 


During  the  past  few  years,  the  scope  d  parachute  applications  and  the  range  o i  speed  and  altitude 
at  which  parachutes  must  operate  have  increased  tremendously.  In  many  cases,  high -altitude  high¬ 
speed  parachute  applications  require  the  use  (4  automatic  opening  devices,  which  Initiate  parachute 
canopy  deployment  automatically  alter  the  recoverable  body  has  decelerated  for  a  predetermined 
time  interval  or  has  descended  to  a  desired  altitude.  High-altitude  high-speed  recovery  may  also 
require  the  use  of  delayed  actuating  devices.  Often  canopy  reeling  systems  arc  used,  requiring 
electrically,  mechanically,  or  pyretechoicslly  operated  reefing  devices.  Multistage  recovery  sys¬ 
tems  require  automatic  devices  to  initiate  or  control  deployment  at  each  stage.  Automatic  devices 
are  necessary  to  release  parachute  canopies  from  the  load  after  surface  contact  iu  order  to  pre¬ 
vent  dragging  or  toppling  pf  the  load.  Many  aerial  delivery  and  missile  recovery  systems  require 
deceleration  devices  to  decrease  ground  Impact  shocks. 

The  design  and  manufacture  of  parachute  hardware  and  automatic  devices  is  governed  by  many 
factors.  Automatic  devices  used  on  personnel  parachutes  must  be  so  designed  that  manual  op¬ 
eration  may  be  employed  at  any  time  during  the  operation.  All  devices  must  operate  properly 
over  a  wide  range  of  environmental  conditions.  In  general,  all  devices  must  be  small  and  should 
require  only  negligible  maintenance  or  service.  AU  automatic  devices  and  hardware  must  be  able 
to  withstand,  and  continue  to  operate  after  being  subjected  to,  high  imposed  gravitational  forces. 
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CHAPTER  VI 


SECTION  I 

PARACHUTE  HARDWARE 


1.1  GENERAL. 

Parachute  hardware  in  a  broad  sense  ia  defined 
»a  all  metal  partr.  or  assemblies  that  are  used 
on  the  parachute.  Many  (4  these  parts  are  em¬ 
ployed  in  places  whore  shape,  type  of  materiel, 
and  strength  nveuositate  special  deeign  con- 
tiideratlons.  In  general,  parachute  hardware 
material  ia  determined  by  the  particular  appli¬ 
cation.  During  tho  period  of  parachute  develop¬ 
ment,  certain  hardware  items  have  become 
standard.  In  general,  requirements  for  para¬ 
chute  hardware  are  outlined  in  Specification 
MIL-H-716G.  Metals  In  contact  with  textiles 
must  not  produce  oxides  that  will  in  anyway  af¬ 
fect  the  properties  of  the  textiles.  Most  para¬ 
chute  hardware  must  bo  smoothly  finished 
without  protrusions  that  can  in  any  way  cause 
snagging,  injury,  or  damage.  Weight  should  be 
kept  to  a  minimum  consistent  with  the  strength 
and  safety  factora  required.  On  items  to  lie 
used  in  quantity,  cost  o I  production  must  be  a 
consideration.  Of  utmost  importance,  however, 
is  the  ability  and  reliability  at  the  particular 
item  to  carry  out  its  function. 

1.2  PERSONNEL  PARACHUTE  HARDWARE. 

Personnel  parachute  hardware  may  be  placed 
Into  the  following  general  categories: 

a.  Links. 

b.  Adapters. 

c.  Rings. 

d.  Snaphooks. 

e.  Release. 

1.2.1  LINKS.  Harness  links  are  generally  called 
"connector  links."  They  form  a  rectangular 
shaped  frame  with  a  circular  cross  section  and 
are  used  to  connect  the  harness  straps  (risers) 
to  the  suspension  lines  of  the  canopy.  AU  con¬ 
nector  links  now  used  are  separable  to  facilitate 
quick  harness  or  canopy  replacement. 

1.2.2  ADAPTERS.  Adapters  are  rectangular 
shaped  metal  frames  generally  used  to  connect 
one  harness  strap  to  another,  where  routine 


disconnection  of  these  straps  la  not  required. 
Some  adapters  incorporate  sliding  friction  bars 
to  provide  an  adjustment  point  in  the  strap 
system. 

1.2.3  RINGS.  Harness  rings  are  generally  tri¬ 
angular  or  "D"  shaped  and  are  used  primarily 
at  the  joining  ends  or  closing  points  of  the  har¬ 
ness  strap  system.  8trsp  ends  having  V  rings 
or  D  rings  generally  Join  other  strap  ends  hav  ¬ 
ing  snaphooks  or  quick  releasing  hooks.  O 
rings  or  V  rings  are  also  used  at  attachment 
points  for  the  reserve  parachute  or  accessory 
equipment. 

1.2.4  SNAPHOOKS.  Snaphooks  are  used  as  the 
releasable  Joining  members  to  accomplish  the 
connection  of  strap  ends,  reserve  parachute, 
or  accessories,  to  attachment  points  having  D 
rlnga  or  V  rings  installed.  Common  types  of 
snaphooks  are  operated  or  opened  by  depressing 
a  hinged  guard  which  allows  the  ring  to  dia- 
engago  from  the  hock.  Special  types  cf  snap- 
hooka  employ  safety  locks  on  the  gvard  or 
ejecting  type  guards  which  facilitate  quick 
disengagement  of  the  hook  from  the  ring. 

1.2.3  RELEASES.  Releases  are  the  most  com¬ 
plicated  items  of  personnel  parachute  hard¬ 
ware.  There  are  two  basic  types  of  releases, 
the  harness  release  and  the  canopy  release. 
The  harness  release,  sometimes  called  quick 
release  ben,  is  used  to  collect  and  attach  the 
restraining  straps  of  the  parachute  harness 
to  a  central  point  on  the  body.  Manual  actuation 
of  this  release  box  enables  the  wearer  to  si¬ 
multaneously  release  several  strops  of  the 
harness  to  accomplish  divestment.  The  canopy 
release  is  used  to  jettison  the  parachute  canopy 
from  its  connection  to  the  harness  to  prevent 
Injury  by  dragging  of  the  jumper  along  the  ground 
during  landing  in  high  winds.  Typical  items  of 
personnel  parachute  hardware  described  above 
are  shown  in  Figure  6-1-1.  Other  items  of 
hardware  associated  mostly  with  personnel 
parachute  packs  are  generally  familiar  items, 
such  as  ripcords,  housings,  stiffeners,  mount¬ 
ing  plates,  snap  fasteners,  zippers,  grommets, 
and  springs. 
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Figure  6-1 -1.  Typical  Hems  of  Personnel  Parachute  Hardware 


1  .  Adapter,  quick  lit,  parachute  harness  6.  Snap,  quick  lit,  parachute  harness 

2.  Ring,  V,  quick  lit,  parachute  harness  7.  Link,  connector,  parachute  harness 

3,  Snap,  coiled  spring,  parachute  harness  8.  Link  assembly,  connector,  replaceable 

8.  Adapter,  quick  lit,  parachute  harness  parachute 

B.  Ring,  parachute  harness,  accessory  0.  Canopy  release,  male 

attaching  10.  Canopy  release,  female 


1.3  AERIAL  DELIVERY  PARACHUTE 
HARDWARE. 

Hardware  lor  aerial  delivery  parachute  sys* 
terns  is  generally  tho  same  as  that  lor  per¬ 
sonnel  parachutos.  Application,  however,  is 
generally  different.  See  figure  8-1-2. 

1.3.1  LINKS.  Links  are  used  lor  various  pur¬ 
poses,  including  connecting  parachute  suspen¬ 
sion  lines  to  suspension  webbings,  connecting 
parachutA  (jmploymniii  hngjt  twfhpr  Jri  cases 
of  parachute  clustering,  and  connecting  con¬ 
tainer  weHhings,  which  require  separation 
capability  lor  assembly  and  disassembly  of 
fbced  webbing  lengths. 

1.3.2  ADAPTER.  Adjustable  adapters  are  com¬ 
monly  used  in  connection  with  container  web¬ 
bings,  which  require  adjustment  for  various 
container  dimensions. 

1.3.3  RINGS.  Rings  are  generally  used  to  con¬ 
nect  container  webbings  to  parachute  snap- 
hooks.  V-shaped  rings  have  been  modified  for 
the  purpose  of  cutting  retainer  webbings,  which 
secure  containers  and  platforms  to  the  aircraft 
until  load  release  is  desired. 


1.3.4  SNAPHOOKS.  Snaphooks  are  used  as  the 
releasable  joining  members  to  connect  strap 
ends  or  accessories  to  attachment  points  having 
D  rings  or  V  rings  attached.  They  are  also 
used  for  attachment  of  static  lines  to  the  air¬ 
craft.  Many  aerial  delivery  parachutes  are 
static -line  deployed. 

1.3.8  QUICK  RELEASE.  A  quick  release  Is 
used  at  the  assembly  closure  point  of  con¬ 
tainer  webbings  to  allow  quick  access  to  aerial 
delivery  equipment,  if  required. 

1.3.6  CLEVIS.  Clevises  are  generally  U  shaped, 
incorporating  a  bolt  through  the  open  end  for 
attachment  purposes.  Clevises  are  used  pri¬ 
marily  for  the  attachment  of  parachutes  to 
loads.  Various  clevis  sizes  are  used  for  load 
attachments  capable  of  withstanding  parachute 
opening  forces  for  suspended  loads  in  a  range 
of  between  100  and  25,000  pounds. 
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Fiffurc  6  1  »;j.  Typical  Item*  a}  Aerial  Delivery  Parachute  Hardware 


1.  Snap  and  friction  adapter,  quick  fit,  para* 
chute  harness,  proof  load  3,500  lbs.  Used 
for  tie -down,  equipment 

3.  Snap  assembly  with  flanges,  parachute  con¬ 
nector,  proof  load  5,000  lbs.  Part  No. 
47D3138 

3.  Snap  assembly  with  flange,  proof  load  5,000 
lbs. 

4.  Snap  assembly,  general  purpose,  proof  load 
5,000  lbs. 

5.  Snap  assembly,  parachute  connector 

6.  Snap  assembly,  general  purpose,  proof  load 
2,500  lbs. 

7.  Link  assembly  connector,  replaceable  para¬ 
chute.  Part  No.  50B6889 

8.  Link  assembly  connector,  replaceable  para¬ 
chute.  Part  No.  S2B8880-1 

0.  Scuff  board  hook  and  screw,  side  buffer 
assembly.  Part  No.  51B6595 

10.  Ring,  parachute  accessory  attaching.  Part 
No.  44A9361 

11.  Ring,  V,  quick  fit.  Part  No.  48B7055 

12.  Load,  set  weblock  assembly 

13.  Cutter,  reefing  line 

14.  Ring,  C-119  tie-down 

lb.  Ring,  C-119  tie-down.  Part  No.  4160528 


18.  Ring,  shear  web  tie-down,  C-119  aircraft 

17.  Clamp  assembly,  conveyor 

18.  Ring,  parachute,  D-drllled.  Part  No. 
43A26411 

19.  Ring,  parachute,  D.  Part  No.  43B21549 

20.  Knife,  shear  web,  modified  V  ring 

21.  Adapter,  harness,  quick  fit 

22.  Clevis,  static  line,  cargo  parachute.  Part 
No.  S1B8719 

23.  Clevis,  static  line,  cargo  parachute 

24.  Clevis,  small.  Part  No.  49B7469.  Used 
W/C-l  aerial  delivery  kit 

25.  Clevis,  M,  not  standard 

26.  Clevis,  parachute  aerial  delivery  kit.  Part 
No.  51B6088 

27.  Link  assembly,  C-l  aerial  delivery  lilt, 
single.  Part  No.  50B7456 

28.  Line  assembly,  aerial  delivery  kit,  dual 
cluster.  Part  No.  50B7457 

29.  Clevis,  aerial  delivery.  Part  No.  51B6245 

30.  Clevis,  aerial  delivery.  Part  No.  49B7460 

31.  Clevis,  large  square 

32.  Plate,  link  platform  aerial  delivery.  Part 
No.  X51B6301  and  X51B63D0 

33.  Diaphragm,  Air  bag 
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CHAPTER  VI 


SECTION  t 

PARACHUTE  REEFING  LINE  CUTTER 


8.1  GENERAL. 

The  need  for  a  reduction  of  parachute  canopy 
opening  ehoeba  and  lor  canopies  with  controlled 
drag  arena  led  to  the  development  of  reefed 
parachute  canopies.  At  the  earns  time,  devices 
had  to  be  developed  which  would  accomplish  the 
dl  a  reefing  sequence.  For  this  purpose,  a  num¬ 
ber  cl  disreeiing  devices  were  developed  for 
different  applications,  These  devices  are  op¬ 
erated  either  by  means  of  pyrotechnics  or  by 
means  of  electrical  Impulses. 

8.8  STANDARD  REEFING  LINE  CUTTER, 
TYPE  M-8. 

The  current  standard  method  of  disreeiing  a 
parachute  canopy,  when  shirt  reefing  is  used, 
Is  to  cut  the  reefing  line  threaded  through  reel¬ 
ing  rings  around  the  shirt  of  the  canopy,  in 
general,  pyrotechnic  reeling  line  cutters  are 
employed  for  this  purpose.  The  reeling  lino 
cutter,  type  M-8,  Is  shown  in  Figure  8-8-1. 
Removal  of  the  arming  wire  (7)  allows  the  firing 
pin  (S)  to  initiate  the  time  delay  power  train 
through  &  percussion  cap  (4).  A  powder  charge 


in  ignited  by  the  powder  train,  causing  the  pis¬ 
ton  (9)  to  move.  The  reefing  line  is  inserted 
into  the  housing  (1)  through  a  hole  (8).  A 
mounting  plate  (8)  with  clamp  (10)  is  provided 
to  facilitate  installation  of  the  device  on  the 
parachute  canopy,  The  arming  wire  is  general¬ 
ly  connected  to  a  suspension  Und.  When  the 
parachute  in  deployed,  thin  armletf  wire  in  re¬ 
moved,  starting  the  cutting  sequence.  In  order 
to  eliminate  the  possibility  of  premature  re¬ 
lease,  the  arming  wire  ia  designed  With  a  safety 
device  requiring  the  application  of  35  pounds  o I 
tension  prior  to  release,  and  also  for  some  free 
travel  before  the  firing  pin  actuates  the  device. 
This  disreeiing  device  is  designed  to  out  lines  ol 
up  to  1,000  pounds  tensile  strength.  Time  de¬ 
lays  are  available  for  intervals  <4  2,  4,  0,  $,  or 
10  seconds,  In  general,  thin  device  can  he  used 
only  once,  unless  the  entire  aesembly  is  return¬ 
ed  to  the  manufacturer  fur  reloading  ahd  re¬ 
work. 

8.3  STANDARD  RSEFINO  LINE  CUTTER, 

TYRE  MC-8. 

For  operation  in  reefing  systems  utilising  heavy 
reefing  linea  having  &  tensile  strength  of  up  to 
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14,000  pounds,  a  heavy  duty  device,  type  MC-2, 
has  been  developed  and  standardised.  This  de¬ 
vice  is  shown  in  Figure  8-2-2.  The  type  T-2 
actuator  and  a  delay  powder  train  are  utilised 
to  actuate  and  govern  the  cutting 
Cutting  of  the  reeling  line  is  accomplished  bv 
means  ot  a  knife  which  is  propelled  by  'lie 
powder  charge.  Actuation  ot  the  device  is 
accomplished  by  the  removal  ol  an  arming  wire. 
This  device  can  be  reused  merely  by  changing 
the  time  delay  powder  train.  Time  delays  for 
intervals  ot  0.78,  I,  2,  4,  8,  8,  and  10  seconds 
are  available. 

2.4  EXPERIMENTAL  RE1FINO  LINE 
CUTTERS. 

A  number  ol  other  types  ot  dfsreefing  devices 
have  been  used  in  the  past  or  are  under  develop¬ 


ment.  These  devices  either  are  actuated  by 
electrical  impulses  or  arc  completely  mechani¬ 
cal.  In  designing  a  reeling  line  cutter,  par¬ 
ticular  attention  must  be  paid  to  the  details 

.  i-.. 

given  MVlWAi 

2.4.1  The  knlto'flhaped  piston  ot  the  device 
must  be  longer  than  the  diameter  ot  the  reeling 
line  hole,  in  order  that  powder  pressure  cannot 
escape  prematurely.  Accurate  dimensions  ol 
the  cutter  piston  are  important. 

2.4.2  Sutticlent  space  must  be  provided  beyond 
the  reeling  line  hole  tor  a  lull  stroke  ol  the 
piston,  so  that  the  cut  end  ut  the  reeling  line  can 
clear  the  remainder  of  the  reeling  line. 

2.4.3  The  powder  charge  must,  be  well  blocked 
oil  trom  the  tiring  mechanism. 


Figure  6-2-2.  Reefing  Line  Cutter,  Heavy  Duty,  Type  MC-2 
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CHAPTER  VI 


SECTION  3 

AUTOMATIC  ACTUATING  AND  OPENING  DEVICES 


3.1  GENERAL. 

Automatic  actuating  and  opening  devices  are  in 
general  use  for  the  operation  of  parachute 
systems  for  nearly  all  parachute  applications. 
Actuating  and  release  devices  are  primarily 
inquired  for  missile  amt  aircraft  deceleration 
parachute  applications,  while  automatic  para* 
chute  opening  devices  are  now  commonly  em¬ 
ployed  in  personnel  and  emergency  escape 
parachutes. 

3.3  PARACHUTE  COMPARTMENT  DOOR 
RELEASE. 

The  opening  of  the  parachute  compartment 
door,  or  release  of  the  whole  door,  at  high 
aircraft  speed o,  is  essential  in  aircraft  de¬ 
celeration  parachute  application  and  for  a  sue* 
cessful  missile  or  drone  recovery  operation. 
The  problem  is  usually  not  as  simple  as  it  ap¬ 
pears.  The  unlatching  mechanism  must  function 
reliably  under  various  environmental  extremes, 
such  as  low  temperatures  (-00°  F<),  high  al¬ 
titude,  acceleration,  and  vibration.  The  me¬ 
chanism  must  not  have  an  adverse  effect  on  the 
performance  of  the  aircraft  or  missile,  such 
as  adding  extra  drag  intheairatream.  General¬ 
ly,  the  space  allotted  inside  tho  vehicle  for  this 
device  I*  small.  For  aircraft  deceleration 
parachute  application,  actuating  devices  based 
on  mechanical  or  solenoid  principles  are  com¬ 
monly  used.  For  missile  applications,  ex¬ 
plosive  bolts  have  been  used  successfully. 
These  bolts  have  taken  various  configurations, 
depending  on  the  particular  application,  and 
have  been  put  to  other  uses,  such  as  opening 
landing  bag  hatches  on  missiles,  or  releasing 
wing  tanks  on  a  piloted  aircraft.  One  feature 
which  is  common  to  all  explosive  bolt  designs 
is  that  they  are  actuated  by  one  or  mor9 
electrically  ignited  explosive  squibs.  Two  of 
the  principles  which  have  proven  successful 
during  actual  operation  are  explained  below. 

5.2.1  EXPLOSIVE  BOLT,  SHEAR  PIN  TYPE. 
Figure  6-3-1  shows  how  an  explosive  bolt  is 
used  to  separate  a  tail  cone,  containing  a  para¬ 


chute,  from  the  rest  of  the  vehicle.  The  bolt 
installation  is  shown  in  Detail  A  of  the  drawing, 
and  ia  also  shown  disassembled.  Hie  barrel, 
the  squib,  and  the  plug,  which  is  held  In  place 
by  the  rivet,  are  attached  to  the  airframe.  The 
screw  is  inserted  through  a  hole  in  the  none 
that  ia  to  be  jettisoned,  then  screwed  into  the 
plug.  With  this  type  of  installation,  the  head  of 
the  bolt  is  flush  with  the  skin  of  the  fuselage. 
7/hen  the  squib  fires,  the  plug  shears  the  rivet, 
and  the  plug  and  screw  are  ejected,  thus  re¬ 
leasing  the  parachute. 

3.3. 1.1  In  Figure  6-3-8,  the  body  is  secured  to 
the  airframe,  and  the  piston  is  held  in  place 
by  the  shear  pin.  The  parachute  compartment 
cover  is  then  held  in  place  by  the  screw.  This 
particular  device  is  provided  with  two  squibs, 
wired  electrically  in  parallel  for  increased  re¬ 
liability.  If  only  one  squib  fires,  sufficient 
pressure  is  produced  to  shear  the  pin  and  eject 
the  piston  and  screw.  The  dual  squib  arrange¬ 
ment  Is  considered  essential  for  reliable  op¬ 
eration. 

3. 2. 1.3  Figure  0-3-3  illustrates  another  dual 
squib  explosive  holt  using  the  Bhear  pin  prin¬ 
ciple.  This  particular  bolt  ia  UBed  in  a  wing 
tank  Jettisoning  system. 

3.2.2  EXPLOSIVE  BOLT  -  FRANGIBLE  TYPE. 
Figure  9-3-4  shows  'his  bolt,  both  assembled 
and  disassembled.  This  particular  bolt  pro¬ 
vides  for  only  one  squib,  which  is  considered 
safe  only  it  a  large  number  of  functional  tests 
are  made  to  prove  the  reliability.;  however,  It 
illustrates  a  principle  of  operation.  When  the 
squib  explodes,  the  internal  pressures  cause 
the  bolt  to  fracture  and  break  away  at  the  sec¬ 
tion  that  has  been  weakened  by  undercutting. 
This  releases  the  item  that  was  being  retained. 

3.3  PARACHUTE  CANOPY  RELEASE. 

Canopy  release  devices  are  commonly  used  for 
aircraft  deceleration  parachute  and  drone  re¬ 
covery  parachute  applications.  The  purpose  rtf 
this  device  is  to  separate  the  canopy  from  the 
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LATCH  CLOSED 
AFTER 


^SHEAR  PIN 


Figure  6-3-1.  Explr  've  Bolt -Shear  Pin  Type 

vehicle  alter  the  landing  deceltiauun  or  rs-  Figure  e-3’9  showB  a  Bpring  'actuated  hook 

c every  mission  has  been  accomplished.  A  type  release  that  has  been  used  in  drone  re* 

variety  of  release  devices  have  been  tested  and  covery.  While  the  drone  Is  in  flight,  the  spring 

used,  of  which  the  most  generally  applied  prln*  S  pushes  ring  R  against  pin  P  holding  the  pin  in 

ciples  are  described  below.  place.  As  the  parachute  is  deployed,  a  load  is 

,  placed  on  the  ring  and  the  ring  and  spring  move 

3.3.1  PARACHUTE  CANOPY  RELEASE  AS*  to  the  position  shown  in  Figure  8*3*9,  at  the 

SEMBLY- SPRING -ACTUATED  KOOK  TYPE.  same  time  relieving  the  friction  between  the 
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Figure  d-tf-if,  Fxplouiv  v  JJult  *->  Shear  lit)  Type 

ring  tux)  pin.  Tho  pin  in  designed  to  fall  Ire o 
of  tho  cylinder,  when  in  a  vertical  position, 
approximately  10  seconds  alter  release  of  the 
friction  of  tho  ring.  When  tho  vehicle  touches 
tho  ground  and  tho  load  is  partially  relaxed, 
tho  spring  forces  tho  ring  off  the  tlu-n  unob  ¬ 
structed  hooh,  disconnecting  tho  parachute  can¬ 
opy.  Disadvantages  of  this  design  are  that 
foreign  matter  in  the  eylindor  may  cause  im¬ 
proper  operation  of  tho  pin,  and  that  the  re¬ 
laxation  of  the  toad  caused  by  air  currents  may 
result  In  nit-  separation  of  the  load  and  para¬ 
chute  canopy. 

VM  PARACHUTE  CANOPY  RELEASE  AS¬ 
SEMBLIES  -  EXPLOSIVE  SQUIB  TYPE.  The 
following  three  ground  releases  aro  actuated 


by  electrically  ignited  explosive  squibs.  This 
ic  considered  the  most  positive  means  of  ac¬ 
complishing  the  release  action;  however,  an 
additional  device  is  introduced  into  the  opera¬ 
tion.  In  order  to  fire  the  squibs,  an  electrical 
circuit  must  be  closed  when  the  vehicle  strikes 
the  ground.  This  has  been  accomplished  tn  the 
most  satisfactory  manner  to  date  by  actuating 
a  switch  through  the  action  of  a  feeler  wire, 
which  projects  3  to  6  inches  beyond  the  bottom 
of  the  vehicle. 


3.3.3. 1  Parachute  Canopy  Release  Assembly  ~ 
Latch  Type,  Figure  6-3-0  shows  a  squib- 
actuated  latch  typo  parachute  canopy  release 
assembly.  The  parachute  canopy  is  attached  to 
the  end  link;  tho  load  is  suspended  from  tho 
latch.  Actuation  may  be  accomplished  by  a 
timer  switch  completing  the  squib  circuit,  an 
impact  switch,  a  normally  closed  switch  that  Is 
kept  open  by  tho  load,  a  feeler  wire  switch,  or 
any  other  switch  arrangement  that  may  be  re¬ 
quired  for  tho  particular  application.  Firing  of 
either  one  of  the  squibs  forces  pin  P  to  move 
tho  arm  that  rotatoH  about  Q,  breaking  shear 
pin  E  and  releasing  tho  latch. 

3. 3.2. 2  Parachute  Canopy  Koioaae  Assembly  ■= 
Hook  Typo.  Figure  0-3-7  Bhawa  a  squib-op- 
orated  hook  type  release.  When  squib  S  f iron, 
the  gas  pressures  exit  through  holes  (1),  travel 
down  the  air  gup  (3),  and  reenter  holes  (3), 
forcing  tho  piston  (4)  up  uguinst  the  spring.  The 
latch  L  is  then  roieosed,  permitting  ring  R  to 
fall  free,  This  device  is  still  undergoing  de¬ 
velopment, 


Figure  6-3-3.  Tank  Retaining  Explosive  Bolt  Assembly 
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UNDERCUT  SECTION 


Figure  6-9-4,  Expletive  Boh  -  Frangible  Type 


3. 3.2.3  Disconnect  Swivel  —  Squib-Operated. 
Figure  fl-3-tt  showa  a  squib-operated  disconnect 
swivel.  The  leit  half  of  the  drawing  shows  the 
plunger  P  in  the  unlired  position,  with  the  shear 
pin  S  in  place.  In  this  condition  the  load  la 
transmitted  from  the  cage  C  through  the  ball 
bearings  B  to  the  outer  race  H.  When  the  squib 
fires,  the  plunger  breaks  the  shear  pin  and 
moves  to  the  poaitiuns  shown  on  the  right  hall 
of  the  drawing.  This  allows  the  balls  to  move 
Inward,  and  the  cage  Blips  out  d  the  outer  race, 
thus  disconnecting  the  parachute  canopy. 

3.4  AUTOMATIC  PARACHUTE  RIPCORD 
RELEASE. 

3.4.1  PURPOSE.  The  advancement  of  operation 
of  aeronautical  equipment  into  high  altitude  and 
supersonic  speed  ranges  has  added  require¬ 
ments  for  automatic  devices  in  emergency 
escape  parachute  systems.  An  automatic  para¬ 
chute  ripcord  release,  type  F-IA,  was  de¬ 
veloped  and  standardized.  When  installed  in  a 
parachute  pack,  It  pulls  the  parachute  ripcord 
alter  elapse  of  a  preset  time  interval  and  below 


a  preset  pressure  atiUmlu  Mini  tim..* 

Timer  actuation  may  be  manual  or  may  bo  per¬ 
formed  automatically  during  operation  of  emer¬ 
gency  escape  systems.  Performance  char¬ 
acteristics  for  the  automatic  parachute  ripcord 
release  are  outlined  in  Military  Specification 
M1L-R-5335E.  The  automatic  parachute  rip¬ 
cord  release,  type  F-IA,  is  shown  lu  Figure 
6-3-0.  This  release  is  housed  in  a  case  ap¬ 
proximately  2  1/2  by  2  1/2  by  4  1/2  Inches 
and  weighs  slightly  over  two  (2)  pounds. 

3.4.2  OPERATION.  The  type  F-IA  release 
assembly  consists  oi  an  arming  cable  assembly, 
an  aneroid  mechanism,  and  a  coil-spring- 
operated  timing  mechanism,  which  also  is  the 
power  source.  When  the  knob  to  which  the 
arming  cable  is  attached  is  pulled,  it  extracts 
the  arming  pin  from  its  coat  against  the  trigger 
assembly.  The  trigger  assembly,  which  In 
turn  is  sealed  against  the  weighted  escapement, 
is  blocked  by  an  inclined  cam  on  the  aneroid 
assembly.  Whan  the  preset  altitude  is  reached, 
the  bellows  contracts  sufficiently  to  allow  the 
trigger  assembly  to  spring  free  of  the  inclined 
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PARACHUTE  SUSPENSION  LINES 
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figure  6-3-8.  Parachute  Canopy  Release 
Assembly  -  Spring -Actuated  Hook  Type 


/  / 
/  / 


Figure  6-3-G.  Parachute  Canopy  Release 
Assembly  —  Latch  Type 


cam,  thus  releasing  the  weighted  escapement. 
The  weighted  escapement  assembly,  no  longer 
restrained  by  the  trigger  assembly,  permits 
the  timer  mechanism  to  operate.  Alter  a  time 
lapse,  preset  on  the  timer  meci.anism,  the  re¬ 
maining  energy  in  the  spring  is  released  to  the 
spool  and  cable  assembly.  As  the  spool  la 
wound,  it  pulls  on  a  cable,  which  is  attached  to 
the  parachute  ripcord  cable,  thus  opening  the 
parachute  pack.  The  timer  mechanism  Is 
wound  by  a  special  key.  Since  the  automatic 
ripcord  release  withdraws  the  same  set  of  rip- 
cord  pins  as  the  manual  release,  there  Is  no 
interference  In  any  respect  with  ordinary  man¬ 
ual  operation.  Figure  6-3-10  shows  measured 
energy  curves  of  the  type  F*1A  automatic  para¬ 
chute  ripcord  release  ami  measured  energy 
curves  in  actual  parachute  pack  operation. 

PARACHUTE  SUSPENSION 
LINES 


\ 


e- 


LOAD 

Figure  6-3-7.  Parachute  Canopy  Release 
Assembly  —  Hook  Type 
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Figure  6-3-9.  Automatic  parachute  Ripcord 
Reteuee,  lype  F-IA  -  Cover  Removed 


Figure  6-3-8.  tAaconmcl  Swivel  -  Squib 
Operated 
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SECTION  4 

PARACHUTE  CANOPY  GROUND  DISCONNECTS 


4  1  GENERAL. 

Most  typos  of  aortal  delivery  and  final  stage 
recovery  parachute  canopies  remain  inflated 
under  moderate  wind  velocities  (10  knots  or 
above),  and  tend  to  drag  or  overturn  the  sue* 
pointed  U»ad  ultoi  ground  impact.  Disconnects 
are  used  to  automatically  separate  the  para* 
chute  canopy  or  uanoplea  from  the  load  upon 
ground  impact,  therein  eliminating  damage  to 
the  load  after  landing,  Ground  disconnects  can 
be  clasalfled  into  four  general  design  types: 
mechanical  release,  explosive  actuated  re¬ 
lease,  electrically  actuated  release,  and  com¬ 
bination  of  mechanical,  explosive,  and  elec¬ 
trical  release. 

4.8  OROUND  DISCONNECT  DESIGN  AND 
OPERATION. 

Several  types  nl  ground  disconnect  designs, 
which  have  particular  application  for  final 
stage  recoyory  parachute  systems,  are  dis¬ 
cussed  In  Section  9  above.  For  serial  delivery 
parachute  systems,  standard  disconnects  used 
at  the  present  time  are  of  the  mechanical  type, 
such  as  that  shown  in  Figure  9-4-1;  however, 
for  special  applications  an  explosive  or  elec¬ 
trically  actuated  ground  disconnect  may  be 
found  more  suitable.  The  avoidance  id  pro- 
mature  midair  release  during  parachute  can¬ 
opy  deployment  and  descent  as  well  an  a  high 
degree  <A  reliability  of  release  at  ground  im¬ 
pact  are  erf  prime  Importance  for  any  dis¬ 
connect  design-  Integral  time  delay  devices  of 
various  types  havo  been  found  effective  in 
eliminating  premature  load  release  during  can¬ 
opy  deployment  and  descent.  Standard  dis¬ 
connects  depend  upon  the  principle  of  load  re¬ 
laxation  for  separating  the  parachute  canopy 
from  the  load  alter  ground  impact.  Ground 
disconnects  with  a  capacity  range  of  from  200 
to  500  pounds  are  available  for  aerial  delivery 
of  containers,  and  with  a  capacity  range  of  from 
i,000  to  5,000  pounds  for  aerial  delivery  erf 
heavy  cargo.  U  clusters  of  parachute  canopies 
are  used  for  aerial  delivery  parachute  avstems, 
one  ground  disconnect  is  used  foreign  me  >  1 


canopy.  A  ground  disconnect  based  on  ex- 
plosive  actuation  and  incorporating  time  delay 
Is  shown  in  Figure  0-4 -2,  Preparation  of  a 
mechanical  heavy-capacity  ground  disconnect 
used  in  connection  with  type  G-11A  parachutes 
for  aerial  delivery  is  shown  in  Figure  0-4-3, 
Disconnects  are  designed  to  operate  at  a  rate  of 
load  descent  of  up  to  approximately  30  test  per 
second  combined  with  a  hortaontal  wind  velocity 
of  up  to  SO  knots. 


K»0  PMMCMUm 


Figure  6-4-1.  Parachute  Canopy  Ground 
Disconnect  -  Mechanical ,  Aertat  Delivery 
Parachute  System 


Figure  6-4-2.  Parachute  Canopy  Ground 
Disconnect  —  Explosive  Actuated ,  Aerial 
Delivery  Parachute  System,  500 
Pounds  Capacity 
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Figure  6-4-3.  Parachute  Canopy  Ground  Disconnect  —  Mechanical ,  5,000  Pounds 
Capacity  —  Preparation  for  Aerial  Delivery 
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SECTION  9 

GROUND  SHOCK  ABSORBING  DEVICES 


9.1  OENERAL. 

Generally,  missile  or  drone  recovery  auditorial 
delivery  systems  Strive  to  achieve  a  rate  of 
descent  of  39  to  30  (pat  per  second.  However, 
there  are  advantages  In  using  the  fastest  rate 
et  descent  at  which  a  drop  can  be  accomplished 
successfully.  Increase  in  rate  rf  descent  will, 
of  course,  increase  the  surface  impact  shock 
force.  Many  systems  are  designed  for  the  best 
possible  compromise  between  the  descent  and 
the  ground  impact  shock  absorbing  systems. 
In  some  cases,  the  resistance  to  damage  of  the 
dropped  abject  at  the  desired  or  other  accept¬ 
able  rate  of  dear  ant  is  sufficient  to  disregard 
an  impact  shook  absorbing  system. 

3.2  METHODS. 

There  are  many  ways  in  which  impact  shock 
forces  imparted  upon  the  load  can  be  reduced. 
They  are  all  baaed  on  an  increase  in  decelera¬ 
tion  time  between  Initial  contact  of  the  eystem 
with  the  surface  and  complete  deceleration, 
and/or  the  distribution  of  the  impact  force  over 
a  greater  load  bearing  area.  Containers  may 
utilise  both  principles.  They  may  be  padded  to 
partially  absorb  impact  forces  and  blocked  to 
distribute  the  forces  more  evenly  over  the  load 
than  would  otherwise  bo  tho  cane.  The  same 
principles  apply  to  platforms.  Crash  frames  or 
padding  (Figure  6-6-1)  may  be  used  to  absorb 
some  of  the  force  and  thereby  increase  de¬ 
coloration  time,  while  blocking  can  distribute 
the  Impact  forces  more  evenly.  On  heavy  aerial 
delivery  nyateuns  and  on  some  drone  recovery 
ayatems,  ground  shock  absorption  by  means  of 
air  bags  has  provon  to  be  a  satisfactory  method. 
In  seme  cases,  ground  penetration  spikes  have 
been  used  on  missiles  to  absorb  ground  impact 
forces. 

5.2.1  AIR  BAG  DECELERATE,  AERIAL  DE¬ 
LIVERY  SYSTEM.  The  air  bag  decelerator 
is  a  collapsible,  barrel-shaped  rubber  bag 
mounted  at  the  bottom  of  the  load  platform 
which  is  to  be  lowered  by  parachute.  In  ita 
stowed  position,  the  air  bag  is  collapsed.  When 


the  load  platform  falls  free  of  the  aircraft,  and 
the  platform  doors  or  antttqppling  devices  ex¬ 
tend,  the  air  bag  docelerotors  distend  by  gravity 
amt  inflate  with  air  that  passes  through  check 
valves  located  at  the  bottom  of  the  air  bag.  A 
diaphragm  covering  an  oritteo  at  the  top  of  the 
bag  prevents  the  f  scape  of  air  while  falling. 
Figure  6-6-i  shows  the  air  teg  decelerators 
extended.  At  ground  Impact,  the  check  valvuh 
close,  the  diaphragm  bursts,  and  the  air  es¬ 
capes  through  the  orifice.  The  rate  of  platform 
deceleration  is  determined  by  ita;  rate  of  air 
flow  through  the  orifice, 

0,3. 1,1  Due  to  tho  rate  of  descent,  the  *  d 
peaeesaea  kinetic  energy.  Thin  energy,  Eg  * 
mv»/3,  must  be  absorbed  by  (he  air  bag  tie- 
eelerator.  The  air  bag  accomplishes  this  func¬ 
tion  by  exerting  a  resisting  force  upon  the 
bottom  of  the  load  over  a  vertical  distance, 
which  is  somewhat  less  than  the  expanded 
height  of  tho  air  bag.  Theoretically,  a  load 
having  a  rate  of  descent  id  30  feet  per  second 
can  be  decelerated  to  aero  velocity  in  appruti- 


Figure  6-5- J.  Utilization  of  Crash  Frames  and 
Padding  Material  for  Heavy  Aerial  Delivery 
Systems 
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Figure  6-5-8.  Air  Bag  Deceterators  m  Load  Bearing  Platform,  Air  Bags  Extended 


mately  17  inches  distance  with  a  uniform  de-  to  a  predetermined  value  and  then  dissipate 

coloration  of  10  times  tho  force  of  gravity.  the  energy  by  bleeding  the  air  continually 

However,  in  practical  application,  this  In  im-  throughout  the  remaining  compression  cycle, 

possible,  since  it  means  assuming  that  the  This  is  achieved,  within  limits,  by  covering 

deceleration  begins  at  the  instant  of  bag  ground  the  orifice  at  the  tope  of  the  air  bag  with  a 

contact  and  is  uniform  during  the  entire  de-  diaphragm  of  a  certain  blowout  pressure  and 

coloration  period.  During  practical  application,  diameter, 

bag  height  is  lost  in  developing  air  bag  pres¬ 
sure  to  a  working  value,  since  it  is  developed 

simply  by  polytropic -volume  compression  of  5.2. 1.2  Two  different  air  bag  decelerator  types 

the  air  inside  the  bag.  Furthermore,  additional  are  presently  being  used,  one  designed  to  de¬ 
bag  height  la  lost  by  using  air  venting  as  a  celerate  a  load  of  1000  pounds  and  the  other 

means  of  limiting  force  of  gravity  values.  Un-  to  decelerate  a  load  of  2,500  pounds  at  values 

ieBS  the  air  inside  the  air  bag  decelerator  is  not  exceeding  ten  (10)  times  the  force  of 

rapidly  released  at  the  instant  at  which  aero  gravity  wher.  striking  the  ground  at  a  rate  of 

velocity  is  reached,  the  compressed  air  volume  descent  of  up  to  thirty  (30)  feet  per  second, 

will  act  as  a  spring  and  will  "bounce"  the  load  Figure  8-6-3  shows  the  effect  of  orifice  di- 

upwarda.  This  rapid  air  release,  however,  is  ameter,  diaphragm  burst  pressuro,  and  weight 

impossible  lu  achieve  in  practical  application.  por  air  bag  upon  air  bag  pressure  tor  an  air 

Therefore,  means  must  be  explored  to  build  bag  decelerator  designed  to  decelerate  a  load 

up  the  air  bag  pressure  as  rapidly  cs  possible  of  2,500  pounds. 
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Figure  6-5-3.  Effect  of  Orifice  Diameter, 
Diaphragm  Burst  Pressure,,  and  Weight 
per  Air  Bag  upon  Air  Bag  Fresssre: 
Air  Bag  Capacity  —  3,500  Pounds 


5.2.2  AIR  BAG  DECELERATOR,  MISSILE  AND 
DRONE  RECOVERY  SYSTEM.  Air  bag  accel¬ 
erators  for  missile  and  drone  recovery  sys¬ 
tems  are  designed  essentially  along  the  name 
basic  principles  aa  iho&e  used  for  aerial  de¬ 
livery  systems.  The  shape  of  these  air  bag 
decelerators  may  be  other  than  barrel  shaped 
because  of  the  missile  or  drone  configura¬ 
tions.  Generally,  these  air  bags  are  preprea- 
auriaed  and  filled  with  nitrogen  gas  or  dry  air. 
Prepressuriaatlon  will  increase  air  bag  ef¬ 
ficiency;  however,  it  wilt  also  require  gas 
storage  containers  or  compressors.  Air  hag 
inflation  is  automatic  and  may  be  part  of  the 
recovery  system  sequence  control. 


Figure  6-5-4.  Sftocfc  Absorption 
by  Ground  Penetration  Spike 

9.2.3  GROUND  PENETRATION  SPIKE.  Ground 
penetration  spikes,  rigidly  attached  to  the  nose 
of  a  missile,  provide  a  good  short.  •<'  sorption 
system  when  used  under  proper  conditions 
(Figure  9-9-4).  The  advantage  oi  litis  method, 
compared  with  inflatable  air  bag  decelerators, 
is  that  higher  rates  of  load  descent  (for  ex¬ 
ample,  80  to  60  feet  per  second)  can  be  used. 
In  fact,  the  greater  rate  of  descent  is  needed, 
so  that  the  vertical  component  of  the  force 
will  enable  the  spike  to  penetrate  the  ground 
to  a  depth  that  will  prevent  the  missile  from 
falling  over.  This  methud  of  shock  absorption 
is  advantageous  when  the  volume  available  in 
the  missile  does  not  permit  the  stowage  of  a 
larger  parachute  or  air  bag  decelerators.  The 
disadvantage  of  this  method  is  that  the  actual 
effectiveness  of  the  spike  depends  largely  upon 
the  hardness  of  the  terrain  on  which  impact 
occurs.  Also,  the  missile  structure  must  be 
designed  t.o  withstand  forces  of  the  magnitude 
and  direction  imposed  by  the  spike. 
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CHAPTER  VII 


SECTION  1 

PARACHUTE  DRYING  TOWER 


1.1  GENERAL. 

Parachute  drying  towers  are  used  to  ventilate 
and  dry  parachute  canopies,  to  provide  a  place 
to  allow  creases  in  the  canopy  to  soften,  and 
to  permit  shaking  out  dust,  dirt,  and  the  like 
picked  up  after  use.  Availability  of  a  parachute 
drying  tower  is  a  requisite  for  the  maintenance 
of  personnel  type  parachutes. 

1.2  DRYING  TOWER  REQUISITES. 

A  drying  tower  can  be  thought  of  as  an  over¬ 
sized  room,  sufficiently  high  for  a  canopy  to 


hang  freely,  without  touching  the  floor,  when 
suspended  from  the  apex.  In  order  to  draw  the 
canopy  to  the  ceiling,  hooks  and  pulleys  must 
be  provided.  Canopy  suspension  hooks  are 
generally  spaced  approximately  3  feet  apart,  but 
this  distance  may  be  varied  if  the  canopies 
generally  hung  in  the  facility  require  more  room 
to  hang  clear  of  each  other.  Areas  likely  to 
come  in  contact  with  the  canopy  should  be 
smooth  and  free  from  nails.  Walls  should  be 
covered  with  polished  hardboard  or  equivalent 
material.  Warm,  filtered,  forced  air  should 
be  provided,  and  dehumidification  is  desirable. 
The  area  should  not  be  subject  to  exhaust, 
solvent,  or  acid  fumes. 
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CHAPTER  Vli 
SECTION  2 

PARACHUTE  DRYING  CABINET 


2.1  GENERAL. 

Parachute  drying  cabinets  are  used  tor  the 
accelerated  drying  of  all  type,  of  parachutes. 
Prying  cabinets  were  first  weloped  as  a 
result  o»  a  shortage  of  parachute  drying  tower 
facilities  at  bases  where  a  large  numbei  of 
aircraft  deceleration  parachutes  were  in  use, 
amt  also  from  a  required  frequency  of  p«ra- 
cliute  use.  Because  ul  their  application,  air¬ 
craft  deceleration  parachute**  tend  most  to  be » 
come  wet  and  collect  dust,  tar,  and  other 
contaminants.  These  parachutes  should  not  be 
hung  in  a  drying  tower  adjacent  to  personnel 
parachutes.  The  drying  cabinet  is  now  used 
primarily  for  rapid  drying  of  parachutes  for 
aircraft  deceleration  applications,  its  use, 
however,  down  not  render  the  drying  tower 
obsolete. 


Figure  7-2-1,  Parachute  Drying  Cabinet, 
Portable  —  Interior  View 


2.2  CABINET. 

The  drying  cabinet  (Figure  7-3-1)  ia  an  all- 
metal  cabinet  capable  of  being  transported  in 
the  air.  It  measures  6  feet  by  6  feet  by  b  feet 
in  the  erected  state  The  cabinet  is  designed 
to  allow  assembly  or  disassembly  In  the  field 
by  two  men  utilising  standard  tools.  The  heat¬ 
ing  source  tor  tho  cabinet  consists  of  a  Her¬ 
man  Nelson  type  BT-tOQ  or  equivalent  heater, 
which  is  capable  of  delivering  400,000  RTUb 
per  hour  at  an  ambient  temperature  of  »6BeF. 
The  heat  is  transferred  from  the  heater  to  the 
cabinet  through  a  13 -inch-diameter  duct,  lbfeet 
long,  Temperature  within  tht  cabinet  is  auto¬ 
matically  maintained  at  u  level  of  800°F.  The 
inside  of  the  cabinet  Is  smooth  mid  without  any 
protrusions.  Dual  racks,  provided  with  easily 
removable  and  replaceable  caster  wheels,  hold 
(he  canopy  in  place  during  the  drying  cycle. 
The  cabinet  emt  dry  two  thoroughly  wet  44-feet- 
diameter  FIST  ribbon  type  canopies  or  their 
equivalent  in  three  horn’s. 
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CHAPTER  VII 


SECTION  3 

PARACHUTE  PACKING  AND  INSPECTION  FACILITIES 


3.1  GENERAL. 

The  requirement  (or  a  par.nehtUe  packing  ami 
inspection  building  are  relatively  simple.  The 
building  itself  must  be  sufficiently  large  to 
permit  (ree  movement  around  the  packing  and 
inspection  tables.  Lighting  in  the  vicinity  el  the 
working  areas,  both  daylight  and  artificial,  must 
be  very  good.  Washing  (acuities  lor  canopies 
are  desirable.  A  parachute  drying  tower  muut 
be  a  part  nl  the  building,  or  be  attached  to  it. 
Special  furnishings  include  bins,  issuing  coun¬ 
ters,  and  storage  facilities. 

3.8  PARACHUTE  PACKING  TABLES. 

Parachute  inching  tables  may  be  of  local  many 
(suture.  They  should  stand  ahout  30  inches  high 
and  should  bo  <4  sufficient  length  to  aecomirm- 
date  the  full  length  <4  the  canopy  and  ihe  mm- 
pension  lines  extended.  A  width  (4  3  feet  Is 
sufficient  for  personnel  parachutes.  Pix-foot 
width  should  be  used  for  cargo  parachute  cano¬ 
pies  larger  than  88  feet  in  diameter.  The  top 
<4  the  table  should  be  uf  pullshed  hardboard  or 
similar  material.  The  top  and  other  areas 
likely  to  come  In  contact  with  material  should 
be  free  of  anything  that  might  tmag  or  pull  the 
material.  Thu  table  should  be  equipped  with  a 
suitable  device  to  place  the  suspension  llnea 
and  canopy  under  an  ovoniy  distributed  tension 
in  preparation  for  folding  tho  parachute. 

3.3  PARACHUTE  INSPECTION  TABLES. 

Parachute  inspection  tables  may  be  manufac¬ 
tured  locally.  They  may  be  ironing -boftrd 
shaped,  approximately  16  foot  long,  3  feet  high, 
and  tapering  In  width  from  3  to  2  feet.  K  light 
is  inset  in  the  center  of  the  table  and  extends 
the  full  length.  The  face  of  the  light  is  smooth 
plate  glass  and  is  sot  flush  with  the  table  sur¬ 
face.  During  Inspection,  the  light  pusses  through 
the  canopy,  revealing  damage  of  yarn,  appear¬ 
ance  of  edges  in  radial  and  diagonal  seams,  sus¬ 
pension  lines  in  channels,  and  threading  midway 
between  surfaces  of  the  material.  A  hand-held 
ultraviolet  light  is  used  to  detect  stains  in  the 
material.  All  portions  of  the  table  thst  might 


come  in  contact  with  material  muat  bo  free  of 
anything  that  could  snag  or  pull  tho  material. 

3.4  BINS. 

Bins  should  be  located  convenient  to  tho  packing 
and  inspection  tables.  They  must  bo  able  toac- 
commodate  unpacked  parachutes.  Tho  bln  sur¬ 
faces  must  be  smooth,  and  must  be  free  from 
cracks,  nails,  or  other  objects  that  might  snag 
or  pull  the  material. 

3.5  STORAGE  FACILITIES, 

Storage  facilities  requirements  vary  with  the 
contemplated  length  of  time  (4  storage,  the  cli¬ 
matic  conditions,  and  the  type  of  building  con¬ 
struction.  Rome  fabrics  are  particularly  sus¬ 
ceptible  to  mildew  damage  in  regions  having  a 
warm,  humid  climate.  Parachutes' should  bo 
dried  thoroughly  before  packing,  and  then  stored 
in  a  dry  place.  They  should  not  be  stored  in 
direct  contact  with  concrete  floors.  Wooden 
racks,  protected  from  the  sun's  rays,  are  de¬ 
sirable.  Cleanliness  is  important;  grease,  oil, 
or  other  contaminants  must  not  be  kept  in,  or 
used  on  Uie  surfaces  uf,  the  etorage  area. 

3.6  PARACHUTE  PACKING  TOOL5. 

The  following  tools  are  generally  considered 
necessary  for  packing  and  inspection:  (dee 
figure  7-3-1.) 

a.  Lino  Separator:  This  is  a  small,  slotted 
stand  used  to  hold  the  suspension  lines 
in  their  respective  group  for  packing. 

b.  Shot  Bags:  These  are  cloth  sacks,  ap¬ 
proximately  18  Inches  by  4  inches,  filled 
with  about  5  pounds  of  shot  They  are 
placed  an  material  or  lines  to  hold  them 
in  temporary  placement.  They  are  used 
particularly  for  holding  the  folded  hall  of 
n  canopy  while  the  other  half  Is  being 
folded. 

c.  Folding  Tool:  This  is  used  to  automat¬ 
ically  make  and  fold  the  correct  width  or 
length  of  canopy  so  that  it  will  properly 
fit  the  pack. 
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LINE  SEPARA' 


Figure  7-3-1,  Parachute  Packing  Tools 

d.  Ripcord,  Temporary:  A  temporary  rip-  shears;  needles  —  sharp,  blunt,  and 

cord  consists  o I  a  short  ripcord  with  curved;  hammer;  packing  paddle;  six- 

pins.  In  use,  It  Is  Inserted  into  the  lock*  Inch  steel  tape;  hook,  palm. 

lug  cones  or  loops  at  the  pack  to  hold  the 

side  lisps  in  place  so  that  the  end  flaps  3.7  SEWING  MACHINES, 
may  be  placed  In  position  to  insert  the 

permanent  ripcord.  Machines  suitable  for  parachute  repair  and 

e.  Press,  Seal:  This  is  a  hand  operated  production  are  covered  in  Federal  Specification 

device  used  to  secure  the  seal  applied  by  00-5-256,  "Sewing  Machines,  Industrial  Type 

the  packer  or  inspector  to  ceal  the  pack-  for  Textiles,"  and  Federal  Specification  <K1  -5- 

ed  parachute  against  tampering.  225.  Many  attachment  innovations  help  inpara- 

f.  Assortment  of  Small  Tools:  Long-nosed  chute  production.  Needle  coolers  and  thread 

pl!er9*.  knife;  six-inch  shears;  ten-inch  lubricants  are  used  to  overcome  needle  heat. 
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CHAPTER  VIII 

TEST  EQUIPMENT  AND  TEST  METHODS 


In  the  development  and  study  of  parachutes,  It  has  become  increasingly  evident  that  accurate 
and  reliable  testing  equipment  and  methods  are  a  necessity.  Instrumentation  and  testing  have 
been  prime  factors  in  determining  the  design  characteristics  of  parachutes  for  a  variety  of  applica¬ 
tions.  Tho  use  of  proper  test  equipment  and  testing  methods  makes  possible  fast  development 
and  evaluation^  fast  correction  of  design  deficiencies,  and  the  most  expeditious  development  to 
the  stage  of  actual  application.  In  the  following  sections,  experimental  test  vehicles,  specialized 
parachute  performance  data  recording  systems,  ami  experimental  parachute  test  methoda  are 
described.  This  description  is  given  to  present  a  comprehensive  picture  of  available  equipment 
and  feeiltttoa,  specific  capabilities,  limitations,  performance  characteristics  of  equipment,  methods 
of  testing  experimental  parachutes  and  parachute  systems,  and  methods  of  obtaining  desired  per¬ 
formance  characteristics. 
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CHAPTER  VIII 
SECTION  I 
TEST  EQUIPMENT 


1.1  DROP  TEST  VEHICLES, 

A  number  of  drop  test  vehicles  hnvb  been  de¬ 
veloped  and  are  being  used  lor  the  purpose 
of  testing  experimental  parachutes  and  para¬ 
chute  systems  lor  a  particular  application. 
Figures  8-1-1  through  8-1-8  show  the  types 
of  drop  test  vehicles  available  and  their  ea- 
paetties  and  limitations, 

1.8  PARACHUTE  PERFORMANCE  DATA 
RECORDING  INSTRUMENTS. 

1.3.1  GENERAL,  The  program  ol  applied  re¬ 
search  lor  the  Held  ol  parachute  aerodynamics 
necessitates  the  development  of  a  pedalled  in¬ 
struments  ami  instrument  systems.  Since  the 
design  ol  new  parachutes  and  the  Improvement 
Of  existing  parachutes  is  largely  dependent 
upon  the  knowledge  of  Individual  performance 
Characteristics  of  different  types  of  chutes 
designed,  the  availability  of  accurate  and  re¬ 
liable  data  recording  systems  and  instruments 
cannot  be  overemphasised.  For  u  majority 
of  parachute  teste,  particularly  during  the 
experimental  stage,  only  the  knowledge  of  ex¬ 
ploratory  Information  on  parachutes  or  sys¬ 
tems  is  required.  Therefore,  for  this  test 
phase,  an  instrument  should  he  used  which 
will  bo  viccnomical  in  uss  but  capablo  of  ren¬ 
dering  results  with  satisfactory  accuracy.  The 
self-recording  instruments  are  placed  in  this 
category.  If  a  parachute  system  has  provon 
its  reliability  during  the  experimental  testing 
phase  and  more  accurate  data  is  desired,  or 
if  during  any  one  test  various  different  per¬ 
formance  data  are  to  bo  recorded  versus 
a  common  time  base,  either  a  telemetering 
system  or  a  magnetic  tape  recording  system 
is  used,  depending  upon  economy  of  test  and 
accuracy  of  data  desired. 

During  the  initial  stages  of  parachute  develop- 
mapf  anh  fot*  applied  pamnhute  research,  stat- 
tc  test  facilities,  such  as  wind  tunnels,  are 
used  to  a  large  extent.  Various  types  of  in¬ 
strument  systems  are  available  to  measure 
and  record  required  parachute  phenomena  with 
a  high  degree  of  accuracy.  The  following 


listing  is  a  summation  of  sensing  elements, 
recording  systems,  and  data  reduction  systems 
available  and  used  in  the  field  of  parachute 
research  and  development.  No  attempt  is  made 
to  furnish  a  complete  listing  of  all  instruments 
that  may  be  used,  Only  those  instruments  are 
mentioned,  and  their  performance  characteris¬ 
tics  Hated,  that  have  been  developed  especially 
for  af/plleatioss  in  the  Held  uf  parachutes  and/or 
have  proven  their  suitability  during  a  large 
number  of  parachute  test  applications. 

1.3.2  SENSING  ELEMENTS. 

1.  M  Force  Reusing;  Elements, 

1.9.3. 1. 1  Variable  Itealstanee  (Strain  Gage) 
Type,  (Sen  Figure  8-1-7.)  Various  types  of 
variable  resistance  type  tensiometer  links  have 
been  developed  and  are  commercially  available 
In  capacity  ranges  .  orn  about  one  to  180,000 
pounds.  The  dimensions,  weight,  and  volume 
are  dependent  upon  the  siae  of  the  link.  The 
same  is  true  for  natural  frequency.  Typo  num¬ 
bers  may  be  found  in  manufacturers'  catalogs. 
These  variable  resistance  type  tensiometers 
are  used  in  connection  with  oscillographs,  tape 
recording  systems,  telemetering  systems,  and 
direct  reading  instruments.  They  are  used  for 
all  applications  whore  knowledge  of  force  values 
in  any  pari  of  the  parachute  or  of  the  para¬ 
chute  system  is  desired. 

1.2.2. 1.2  Variablo  Reluctance  Type.  (See figure 
8-1-8.)  The  variable  reluctance  type  of  sensing 
elements  are  being  produced  commercially  by 
a  number  of  manufacturers.  They  arc  generally 
used  in  telemetering  systems.  Link  sizes 
capable  of  measuring  forces  from  0  to  16,000 
pounds  compression,  or  from  0  to  16,000  lb. 
tension  are  available. 

The  eloment  Itself  is  relatively  expensive  com¬ 
pared  to  other  types  of  force  sensing  elements. 
Its  application  Is  limited  to  use  on  risers, 
suspension  lines,  harnesses,  and  other  appli¬ 
cations  where  bulkines3  is  not  of  importance, 
A  disadvantage  of  this  type  unit  ts  its  sensi¬ 
tivity  to  temperature  change. 
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POINT  A  TTA£B_MENT) 

..  ^TT^Ss. 


’  MFTAl.  SHIP 


_  rypes 

WEIGHT  HAWSE  (iff.) _ 

8 AS/C  STRUCTURE  _ 

MAX/ MUM  G’S  _ _ 

MAXIMUM  SPEER  (KNOTS) 

VOLUME  OP  PARACHUTE’  CDMPARTMTNT 
USUAL  CARRYING  AIRCRAFT 

' DEPLOY  ME  N  T  METHOD _ _ 
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—  •  ,  -  -  CARGO  t—  ;  — ■ 

"  rsrAT/c  une  — :  _ 

~  ArrAchEt>x  skip 

SELF-RECORDING  TENSIOMETER 
SELF- RECORDING  ACCEL ERQMETtA 
PEOPLING  -  (RATL  OF  DESCENT) 
SOME  APP!  I  CATIONS- TELEMETERING, 


ADt/AMTA/SFR  •  4.  Ytte  PARACHUTE  BAG  MOST  BE  TIED 

ADVAIVI AGCO  •  EXTERNALLY  TO  THF  BOMB.  THE  BOMB 

HAS  RINGS  WELDED  TO  THE  OUTSIDE  FOB 
I.  COMPLETE  COVERAGE  OF  WEIGHT  RANGE.  ATTACHMENT. 

2  BOMB  IS  NEARLY  INDESTRUCTIBLE.  DISADVANTAGES'* 

a  SIMPLICITY  '■  MAXIMUM  SPEED  AND  ALTITUDE 

3 ot nnri.fi.>'  r.  CAPABILITIES  OF  AIRCRAFT  MA Y PRECLUDE. 

4  EASY  HANDLING.  USE  ON  CERTAIN  DESIRED  TESTS. 

S.  STANDARD  VEHICLE  FOR  COMPARATIVE  l.  PARACHUTE  BAG  IS  NOT  FROTeCTED  FROM 
ANALYSIS.  At  PS  THE  Am. 

e.  LOW  COST t  CASING  IS  STANDARD  ITEM.  J  0NLy  C£RTA/N  AIRCRAFT  CAN  BE  USED. 

4.  (AT PRESENT)  TELEMETERING  IS  HELD  TO 

GENERAL  0NE  channel  . 

/.  ALL  TYPES  OF  PARACHUTE?,  WITH  THE  *  (AT  Ti°JiTeCT 

EXCEPTION  OF  PERSONNEL,  MAYBE  BE  KEPT  EXTERNAL  AND  IS  SUBJECT 

TESTED  WITH  THESE  VEHICLES.  TO  DAMAGE. 

3.  WHEN  TYPE  -S  ( T-/0 )  tS  USED  tT  IS  C.  VEHICLE  IS  NOT  STABLE.  IT  HAS  A 

NECESSARY  TO  USE  AN  EXTRACTION  TENDENCY  TO  TUMBLE, 

PARACHUTE  SIMILAR  TO  THAT  USED 
FOR  HEAVY  CARGO  DELIVERY. 

3.  TYPE  -  4  (4,000- LB.  LIGHT  CAS/NG)  AND 

jYRE  -  S  (T-  ,’0}  MAY  BE  USED  FOR  CLUSTERS. _ 

Figure  8-1-1.  Drop  Test  Equipment  --  Disposable  Load  --  Weight  Bomb 
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ADVANTAGES :  D/SADVANTAGES  • 

/  HIGHER  SPEED  THAN  WEIGHT  BOMBS  /.  SPECIAL  PARACHUTE  BAGS  MUST  BE 

MARE  TO  FIT  VEHICLE. 

2.  RESISTANT  TO  DAMAGE,  OHLY  „  _ 

TAIL  SUFFERS.  &•  BAG  MAY  NOT  EXACTLY  DUPLICATE 

THAT  FOR  FINAL  APPLtCAT/ON. 

s.  SIMPLICITY.  u,y>trE£>  SPEED. 

4.  EASY  HANDUNQ.  ^  CAMERAS  MUST  BE  EXTERNALLY 

5.  LOW  COST,  PORE  PART  IS  STANDARD  MOUNTED. 

ITEM. 

G.  CAN  BE  FABRIC  A  TED  LCCALL  Y. 

7.  STABLE  TRAJECTORY  //V  FREE  FALL. 

GENERAL 

TYPES  e  THROUGH  9  APE  UNDER 

DEUEL  OPME/yr. _ _ _ _ _ 

Figure  8-1-2.  Drop  Test  Equipment  --  Disposable  Load  --  Cylindrical  Test  Vehicle 
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0,  release  of  entire  compartment 
housing  of  resr  para  on  ore  prom 
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ADVANTAGES • 

I.  HtGN  SPEED  MAY  BE  ATTAINED  IN  FREE 
PALI  . 

S.  COMPLETE  TEST  INFORMATION  MAY  BE 
OBTAINED  BY  TELEMETERING, 

3  PARACHUTE  SYSTEM  CARRIED  INTERNALLY. 

4  VEHICLE  MAY  BE  RECOVERED  BY  OWN 
SYSTEM  RESARDLESS  OR  OPERATION 
OR  TEST  PARACHUTE. 

S.  VERY  STABLE  TRAJECTORY. 

£  INSTRUMENTATION  is  CARRIED  INTERN  ALIY. 

7.  CAMERA  POD  ATTACHED  (P£RMAHeNTLY) 
TO  VEHICLE- 


GENERAL 

I.  TEST  PARACHUTE  COMPARTMENT  HOLDS 
TEST  PARACHUTES  USED  ROR  DECELERATION 
STAGE  CHUTES  FOR  MISSILES  OR  FOR 
HIGH  SPEED  TARGETS  AND  DRONES. 


3.  MAXIMUM  SPEED  IS  REACHED  BY  FREe 
FALL  OR  NIGH  SPEED  RELEASE. 

3.  RECOVERY  CHUTE  USED  FOR  VEHICLE 
MAY  SERVE  AS  A  PARTIAL  BASIS  FOR 
Z- STAGE  TEST. 

DISADVANTAGES: 

l  HIGH  INITIAL  COST. 

S.  CANNOT  BE  FABRICATED  LOCALLY. 

3.  COMPLEX  SYSTEM ,  REQUIRES  SHILLED 
TECHNICAL  MAINTENANCE. 

4.  TEST  PARACHUTE  MUST  BE  PACKED 
IN  BAG  TAILORED  FOR  TEST  PARA CH(JT£\ 
COMPARTMENT.  (MAY  NOT  DUPLICATE 
FINAL  APPLICATION  ) 

S-  GENERALLY  REQUIRES  HiGH-SrcEP, 
HIGH  ALTITUDE  AIRCRAFT  FOR 
TYPE  OF  TEST  IN  WHICH  IT  /S 
EMPLOYED. 


Figure  8-1-3.  Drop  Test  Equipment  --  Disposable  Load  --  Transonic  Test  Vehicle 
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COMPLETELY  TELSMH TO NED  TO  INCLUDE 
FORCE  RFCORD/NQS  OP  TEST  PARACHUfht 
PORCH'  RECORD!  NQS  OF  MAIN  PARAWm$\ 
AiT/WOL'i  AIRSPEED J  AND  PROGRAM  MING  * 
CHANNEL  TO  RECORD  EACH  SEQUENCE  AND 
TIME  TAKEN  PLACE.  SULP*  RECORDING  YlN- 
8/OME  TER,  CELT-  RECORDING  ACCELEROMETER 


\  ADVANTAGES'* 


/.  HIGH  SPEED  MAT  BE  OBTAINED  AT  HtQH 
ALTITUDE  WITHOUT  NECESSITY  OF LONQ 
PHEE  FALL . 

2.  COMPLETE  TEST  INFORMATION  MAY  BE 
OBTAINED  BY  TELE  METERING. 

3.  PARACHUTE  SYSTEM  CARR/ED  INTERNALLY. 

4  VEHICLE  MAY  BE  RECOVERED  BY  OWN 
SYSTEM  REGARDLESS  OF  OPERATION  OF 
TEST  PARACHUTE. 

£.  VERY  STABLE  TRAJECTORY. 

6.  INSTRUMENTATION  IS  CARRIED  INTERNALLY. 

GENERAL 

L  TYRES  6  AND  TARE  NOW  OBSOLETE. 

2.  OTHER  VEHICLES  ARE  UNDER  DEVELOP 
MENT  FOR  SUPERSON/C  TESTS. 
WEIGHT  RANGE  IS  800  TO  2,000 
LB.  AND  2,000  TO  6,000  LB. 


D/SADVANWGE S  • 

I.  HtQH  INITIAL  COST. 

a.  CANNOT  BE  FABRICATED  LOCALLY. 

3.  COMPLEX  SYSTEM,  REQUIRES  SKILLED 
TECHNICAL  MAINTENANCE. 

4.  TEST  PARACHUTE  MUST  BE  PACKED  IN 
BAG  TAILORED  FOR  TEST  PARACHUTE. 
COMPARTMENT.  (MAY  NOT  DUPLICATE 
FINAL  APPLICATION.) 

5.  NIGH  OPERATING  COST 


Figure  8-1-4.  Drop  Test  Equipment  --  Di'<  osable  Load  --  Supersonic  Test  Vehicle 
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Figure  8-1-5.  Container* 


1.2. 2. 2  Accelerometers. 

1.2. 2. 2.1  'Variable  Resistance  (Strain  Gage) 
Type.  (See  Figure  8-1-9.)  Almost  all  types 
of  acceleration  pickups  consist  of  a  mass 
and  spring  housed  in  a  suitable  case  and 
damped.  When  gravitational  forces  are  im¬ 
posed  upon  the  sensing  element,  relative  move¬ 
ment  between  the  mass  and  case  is  produced, 
and  a  transducing  device  of  some  sort,  which 
is  incorporated  in  the  instrument,  is  caused 
to  produce  an  electrical  signal  proportional 
to  the  displacement  or  velocity  of  the  mass 
with  respect  to  the  case.  The  mass  and  spring 
system  in  these  sensing  elements  has  one 
degree  of  freedom,  because  the  mass  is  con¬ 
strained  to  move  in  a  straight  line  inside  the 
case.  A  variety  of  accelerometer  type  sens¬ 
ing  elements  have  been  developed.  Most 


commonly  used  in  the  field  of  parachute  in¬ 
strumentation  is  the  variable  resistance  type 
accelerometer.  These  sensing  elements  may 
be  obtained  commercially  in  a  wide  variety 
of  ranges  and  in  various  sizes,  weights,  aud 
volumes,  depending  upon  these  ranges.  The 
range  generally  used  in  the  field  of  para¬ 
chutes  is  between  ±2  g  and  ±  200  g.  The 
natural  frequency  will  depend  upon  the  par¬ 
ticular  range  and  may  be  obtained  from  man¬ 
ufacturers’  catalogs.  These  variable  resis¬ 
tance  type  accelerometers  are  used  in  con¬ 
nection  with  oscillographs,  tape  recording 
systems,  telemetering  systems,  and  direct 
reading  instruments  for  the  measurement  of 
gravitational  forces.  They  are  often  used  to 
measure  ground  impact  shock  of  platforms 
and  other  cargo  loads. 


o-l-G 
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ITEM 

GENERAL  SHAPE 

DESCR/PT/ON 

CONTAINER 

A-  32 

mBm 

CANVAS  CONTAINER ,  WEBBING  BELTS, 
1,800  tR.  MAXIMUM  LOAD,  MAY 

BE  DROPPED  AT  SPEEDS  UP  TO 
BOO  KNOTS  FROM  CARGO -TYPE 
AIRCRAFT  mar  Rumen  TR  tioh>  mrettoeoiuo  • 

_  TinitamTM  OS  AtCtUt/tUML  TtH 

platform 

J-l 

METAL  PLATFORM  FOR  LOADS  OF 
3,000  TO  10,000  ID,,  MAY  B E 
DROPPED  AT  SPEEDS  UP  TO  ISO 
KNOTS  FROM  CARGO  -  TYPE 
AIRCRAFT i  CAN M  RUUFMWVmNTeu 

i(n 

PLATFORM 

11 - - 

DROOPS 

AND 

PERRINS 

STRESSED  TYPE  METAL  PLATFORM 
NON  UNDERDOING  EVALUATION)  CAN 
RE  USED  FOR  LOADS  OF  3.600  TO 
!0, 000  LB,,  DROP  SPEED  ISO  KNOTS 
FROM  CARGO-TYPE  AIRCRAFT,  HAS 
ANTI -  TOPPLING  DEVICE  AND 
PROVISION  FOR  AIR  BAGS,  can 

M  marnumeNTBe 

ww 

PLATFORM 

,/§' 

LOCKHEED 

8  TRESS  BP  »■ /PE,  CENTER  RAIL 
RESTRAIN!  PLATFORM.  NOW  UPPER 
GOING  EVALUATION.  CAN  RE  USED 
FOR  LOADS  OF  A, 000  TO  AS, 000  4  ft, 
PROP  SIT  TO  (30  KNOTS  FROM 
CARGO  ■  TYPE  AIRCRAFT,  HAS 

ANT /  -  TOPPLING  DEVICE  AND 

TORSO 

dummy 

JTI 

RUBBER  DUMMY  USED  FOR  TESTING 
PERSONNEL  PARACHUTES  AND 
SYSTEMS  i  CENTER,  ARM,  AND  LEG 
TUBES  PROVIDE  SPACE  FOR 
INSTRUMENTATION,  WEIGHT  RANGE 
170  TO  Sao  LB.,  PARACHUTE  (S 
MOUNTED  EXTERNALLY ,  FULL 
INSTRUMENTATION  POSSIBLE. 

r1!  __ 

SIMPLE 

AND 

COMPLEX 

ARTICULATED 

DUMMIES 

f 

ARTICULATED  DUMMIES  WITH  ARM 
AND  LEG  MOVEMENT  COMPARABLE 

TO  HUMANS,  PLATFORM  IN  BODY aom 
INTERNAL  INSTRUMENTATION,  WEIGHT 
APPROXIMATELY  300  LB.,  CAN  BE 
DROPPED  OR  EJECTED  BY  CARGO - 
BOMBER  -  OR  FIGHTER  -  TYPE 
AIRCRAFT.  PARTICULARLY  DESIGNED 
FOR  TEST  OF  PERSONNEL  PARACHUTE 
SYSTEMS  TO  DETERMINE  POSSIBILITY 
OF  LIMB  FOULING  OR  INTERFERENCE 
OF  SYSTEM,  ALSO  USED  FOR 
EJECTION  SEAT  TESTS  TO  DETERMINE 
TUMBLING  AND  OTHER  ACTIONS. 

CONTAINERS,  PLATFORMS ,  DUMMIES 

Figure  8-1-6.  Containers,  Platforms,  Dummies 
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Figure  H-l-7.  Variable  Uealutmce  Type  Force 
Sunning  filamenta 


l.a.a.a.a  Variable  HeiuctanceType,  (8eo  Figure 
<51  10.)  Variable  reluctance  type  accelerom¬ 
eters  are  commercially  available,  For  paru- 
chute  systems  tecta,  they  are  used  in  non- 
I  section  with  telemetering  ay  stems.  They  re¬ 
spond  to  accelorattun  changes  parallel  to  one 
ante  only.  Various  ranges  are  available. 

A  disadvantage  of  this  type  sending  element 
is  the  necessity  of  maintaining  uniform  tem¬ 
perature  for  accuracy. 

1.2.2. 3  Pressure  Transducers. 

1.2.2. 3.1  Variable  Resistance  (Strain  Gage) 
Typo.  (Bee  Figure  8-1-11.)  For  the  measure¬ 
ment  of  velocity,  altitude,  rate  of  descent, 


■  f 


Figure  8-1-8.  Variable  Reluctance  Type  Force 
Sensing  Elements 


Figure  Hl-P,  Variable  Resistance  Type 
Accelerometer 

nnd  other  differential  or  absolute  pressures, 
pressure  transducers  are  used,  Again  a  wide 
variety  of  ranges  are  commercially  available. 
In  the  tield  of  parnchutoa,  pressure  trans¬ 
ducers  to  measure  differential  pressure  tn 
the  range  of  0.1  to  80  pat  and  pressure  trans¬ 
ducers  to  measure  absolute  pressure  tn  a 
range  of  between  0,1  and  20  pal  are  used. 
Dimensions,  weight,  and  volume  vaty  with  the 
range  of  the  transducer,  an  does  natural  fre¬ 
quency.  Typo  numbers  may  bo  obtained  from 
manufacturers'  catalogs.  These  variable  re¬ 
sistance  type  transducers  are  used  in  connec¬ 
tion  with  oscillographs,  tapo  recording  systems, 
telemetering  systems,  and  direct  reading  in¬ 
struments  for  the  measurement  of  differential 
and  absolute  pressure. 


Figure  8-1-10,  Variable  Reluctance  Type 
Accelerometer 
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Figure  8*1  II,  Variable  Reiiutance  Type 
Pressure  Transducer 

1,2,3, 3,3  Viable  Reluctance  Typo.  (tioe  Fig¬ 
ure  tl-1-18.)  Variable  reluctance  type  pres¬ 
sure  traneduceru  are  commercially  available. 
For  parachute  system  testa,  ttiey  are  meat 
commonly  used  tn  connection  with  telemeter¬ 
ing  systems.  Tranducera  In  a  range  between 
0,1  m\  30  pat  are  being  used  in  parachute 
systems  applications. 


A  disadvantage  tu  the.  necessity  of  maintaining 
constant  temperature  tor  accurate  Indications. 


Figure  8-1 -12.  Variable  Reluctance  Type 
Pressure  Tratisducer 


Figure  S' I  "13,  Miniature  Differential 
Pr outturn  Transducer 

Model*  are  available  tor  measuring  altitude  by 
static  prenauif,.  Their  range  to  from  0  to 
70,000  ft, 

l.a.8.3.3  Miniature  Differential  Pressure 
Transducer,  (See  Figure  8-1-13.)  For  tho 
nurpono  ul  measuring  the  differential  prrnnuro 
at  variuun  polntn  on  the  parachute  canopy, 
a  miniature  pressure  transducer  who  devel¬ 
oped  by  Qulton  Manufacturing  Company,  Mo- 
tucher.,  New  Jnrnoy.  Tho  transducer  liaulf 
embodies  the  smallest  possible  sise  and  weight 
commensurate  with  acceptable  accuracy  and 
reliability.  This  transducer  senses  a  differen¬ 
tial  air  pressure  and  rhangos  it  into  un  elec¬ 
trical  signal,  which  can  be  utilised  by  present¬ 
ly  available  measuring  and  recording  equip¬ 
ment.  Three  ranges  of  differential  pressure 
transducers  were  developed;  0  to  *  100  mm 
mercury,  0  to  ±  8  psi,  and  0  to  *  10  pat.  The 
frequency  response  of  low-rango  sensing  ele¬ 
ment  is  200  cycles  per  second.  The  natural 
frequency  of  ail  sensing  elements  ts  6  ktlo- 
cycles  or  higher.  Air  damping  ts  utilized. 
The  linearity  Is  better  than  1.6  percent  of  full 
scale.  Its  hysteresis  is  better  than  0.6  percent 
of  full  scale.  Its  temperature  range  is  from 
-67°  to  +120*  F.  Its  sensitivity  Is  larger 
than  2  millivolts  lull  scale  per  volt  input, 
and  its  zero  shift  Is  less  than  0.02  percent 
of  full  scale  per  degree  F.  These  same  con¬ 
ditions  apply  to  all  three  types,  with  the  ex¬ 
ception  of  frequency  responre,  which  is  300 
cycles  per  second  for  the  0  to  ±5  psi  trans¬ 
ducer  and  400  cps  for  tho  0  to  ±  10  psi  trans¬ 
ducer.  The  diameter  of  the  sensing  element 
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is  9/4  inch  and  Us  thickness  is  3/8  inch. 
The  transducer  may  be  applied  to  the  par*' 
chute  cloth  by  means  ot  a  clamping  rings 
Tho  parachute  cloth  actually  in  clamped  be¬ 
tween  the  denning  element  and  this  ring.  The 
unit  is  sensitive  to  differences  of  pressure 
applied  to  the  two  opposite  sides.  Openings 
on  each  of  the  flat  faces  permit  the  pres¬ 
sure  to  be  applied  to  an  internal  diaphragm, 
which  deflects  in  proportion  to  the  differen¬ 
tial  pressure.  As  the  diaphragm  moves  due 
to  a  differential  pressure  acting  upon  it,  a 
mu  •metal  slug  attached  tothe  diaphragm  changes 
tho  reluctance  of  the  two  magnetic  circuits, 
By  utilising  this  unbalanced  effect  between 
the  two  coils  in  the  proper  electrical  cir¬ 
cuitry,  it  in  possible  to  measure  the  current, 
which  is  proportionate  to  differential  pres¬ 
sure. 

Generally,  the  instrument  is  used  in  a  bridge 
circuit,  where  the  change  in  Impedance  of 
the  two  coils  in  the  transducer  unbalances 
the  circuit.  This  circuit  unbalance  causes 
a  current  flow  which  ts  easily  measured. 
Errors  originating  from  Imposed  accelera¬ 
tion  upon  the  sending  element  are  iesa  than 
0.8  percent  of  full  scale  per  g. 

1.2. 8.4  Displacement  Transducers. 

1.2. 3.4.1  General.  (bee  Figure  8-1-14.)  All 
displacement  transducers  used  fur  the  meas¬ 
urement  of  displacement  in  the  field  of  para¬ 
chutes  are  based  upon  resistance  changes. 
Vartuua  types  of  rectilinear  transducers  are 
commercially  available,  ranging  for  strokes 
between  1/4  in.  and  3  in.  The  relative  motion 
between  tho  Instrument  mine  and  the  plunger 
attached  to  the  suspension  line  or  riser  will 
change  the  pickup  resistance  of  the  poten¬ 
tiometer.  This  sensing  element  may  be  con¬ 
nected  In  a  bridge  circuit  or  used  us  a  po¬ 
tentiometer. 


Figure  8-1-14.  Rectilinear  Displacement 
Transducer 
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1.2.2.4.2  Miniature  Rectilinear  Displacement 
Transducer.  (See  Figure  8-1-18.)  For  the 
purpose  of  measuring  otreBses  in  parachute 
cloth,  suspension  lines,  or  webbings,  a  mtnia- 
turn  rectilinear  dispiacment  transducer  was 
developed  by  Colvin  Laboratories,  East  Orange, 
New  Jersey.  This  displacement  transducer 
has  a  nominal  stroke  of  0.28  Inch.  Its  re¬ 
sistance  measures  1,000  ohms.  The  displace¬ 
ment  transducer  Is  linear  within  a  very  small 
percentage  of  full  scale.  Gravitational  forces 
of  up  to  80  g'a  applied  along  an  aids  parallel 
|o  the  plunger  ants,  and  of  90  g's  applied  along 
any  axis  perpendicular  to  the  plunger  twin,  do 
not  cause  electrical  discontinuity,  damage  to 
the  instrument,  or  change  In  pfekoft  resistance, 
The  sensing  element  may  be  either  glued  or 
sewed  to  the  material  to  bo  tested.  Relative 
motion  between  the  sensing  element  enus  and 
the  plunger  is  tranelated  Into  a  resistance 
change  and  Is  proportional  to  the  elongation 
of  the  material  used.  H  is  planned  to  use  this 
sensing  element  on  parachute  canopies  to  meas¬ 
ure  elongation  of  particular  types  of  cloth 
during  the  opening  sequence  of  the  parachute 
canopy,  or  to  determine  elongation  in  riser 
or  suspension  lines  during  force  application. 
These  displacement  transducers  may  be  used 
in  connection  with  oscillographs,  tape  record¬ 
ing  systems,  telemetering  systems,  or  direct 
reading  instruments, 

1.3, 8. 8  Hate  of  Descent  Transducers.  (Bee 
Figure  8-1-16.)  A  rate  ot  descent  transducer 


Figure  8-1-15 .  Miniature  Rectilinear 
Displacement  Transducer 
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was  developed  In  connection  with  the  magnetic 
tape  recording  system  by  Cook  Research  bab- 
oratorlCM,  Skokie,  Illinois,  Tho  r  fit  ft  t4  descent 
transducer  constats  of  a  mechanical-electrical 
meebantam  which  transforms  varying  air  pres- 
aura  changes  into  terms  of  varying  d-c  voltage 
changes,  Tho  monhanlom  consists  of  a  vertical 
speed  indicator  working  simultaneously  with 
a  motor "dr Ivon  gear  nrfsngeotent,  Tho  vertl- 
cal -speed  Indicator  operator  on  tho  principle 
of  varying  air  pressure  dee  to  change  In  altl* 
(win,  producing  a  pressure  In  tho  indicator 
caaa  lagging  behind  tho  pressure  In  tho  dia¬ 
phragm.  Tho  tag  in  pressure  is  caused  by  a 
capillary  restriction  In  flow  of  air  Into  and 
out  <4  the  esse.  Thin  recalling  diffcroniiui 
pressure  actuates  the  mechanism  producing 
a  pointer  deflection.  The  pointer  in  tbie  cane 
In  of  aluminum,  on  the  oral  of  which  ta  a  plati¬ 
num  cat  whisker  mounted  on  a  (Uml  bearing. 
The  cat  whiaker  lu  mounted  between  four 
platinum  wire  terminate  to  which  are  connected 
two  voltages  of  opposite  polarity.  Under  quies¬ 
cent  conditions,  the  cat  whisker  rests  between 
terminal  contacts.  However,  when  a  pointer 
deflection  occurs  because  of  descent,  the  cal 
whisker  ts  driven  to  two  of  the  contacts  com¬ 
pleting  a  circuit,  which  closes  a  relay,  which 
in  turn  puts  a  voltage  of  proper  po.arity  to  a 
d-c  motor.  Thts  motor  drives  a  Shalt  and 
wiper,  which  revolves  about  a  heitpot.  Any 
change  in  heitpot  resistance  produces  a  cor¬ 
responding  d-c  voltage  output  change.  When 
the  vertical  speed  Indicator  pointer  deflects 
In  the  opposite  direction  because  of  loss  In 
rate  of  descent,  the  drive  motor  is  also  accel¬ 
erated  in  the  opposite  direction,  producing  a 
corresponding  voltage  change.  Thin  d-c  vol¬ 
tage  Is  applied  directly,  either  into  the  Input 
of  the  tape  recording  system  or,  li  an  oscil¬ 
lograph  Is  used.  Into  the  galvanometer  circuit. 
The  range  of  this  rate  of  descent  transducer 
Is  between  0  and  100  feet  per  second.  A 
24-volt  d-c  input  la  required  to  operate  the 
sensing  element. 


1.2, 2. 6  Oscillation  Transducer.  (See  Figure 
8-1-17.)  In  connection  with  the  magnettc  tape 
recording!,  two  types  of  oscillation  transducers 
arc  used.  First,  rate  gyros  modified  with  In¬ 
ductive  elements,  and  second,  position  gyros  with 
resistive  elements.  DotntypeB  of  gyros  are  com¬ 
mercially  available  in  various  ranges,  The  rate 
gyros  presently  used  will  require  a  24-volt,  400- 
epa  power  supply  to  drive  the  gyro,  while  the 
position  gyro  Is  d-c  operated.  Both  gyros  are 
rather  bulky  and  can  only  be  used  for  applications 
in  heavy  cargo  load  drops.  They  are  not  suitable 
far  Ph.mhVmic'  dummy  drap— ,  because  of  space 
restrictions, 

1,2,3  fiKl«F-RKOORF>flMfl  1NHTRVY»F,NTm 
(UKQPTEBT), 

1.3.8. 1  general.  Self-recording  instruments 
are  used  for  a  majority  of  parachute  tests, 
particularly  during  the  early  stages  of  para¬ 
chute  development,  The  use  of  these  Instru¬ 
ments  Is  economical,  and  recordings  within 
satisfactory  aiviracy  limits  can  be  obtained, 
The  following  types  of  self-recording  instru¬ 
ments  have  been  developed  and  are  being  used 
for  parachute  applications, 

1. 2.8.2  Tensiometer.  Knowledge  of  magnitude 
and  duration  of  forced  during  parachute  de¬ 
ployment  and  descent  ts  of  the  utmost  value 
in  parachute  research  and  development.  Far- 
tlculfoly  during  quantitative  tests,  a  mechanical 
recording  tensiometer  has  proven  to  he  more 
RdvuutngftmiH  than  any  electronic  recording 
device  used.  Two  types  of  tensiometers  have 
been  developed  and  are  being  used  during 
parachute  test  programs. 

1.2.3. 2.1  Rmbusslng  Stylus  Type.  The  mag¬ 
nitude  and  duration  of  forces,  as  well  as  a 


Figure  8-1-17.  Gyro  Controlled  Positior 
Transmitter 
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time  scale,  are  recorded  on  a  moving  atrip 
of  polished  aluminum  foil  by  embossing,  styli. 
The  force  stylus  follows  the  movement  occur¬ 
ring  when  the  force  transmitted  through  the  in¬ 
strument  deforma  the  individual  units  of  a 
column  of  radially  tapered  disc  springs.  The 
overall  assembly  view  is  shown  in  Figure 
0-1-18,  The  dummy  load  is  attached  to  the 
lower  clevis  with  an  appropriate  harness,  while 
the  upper  clevis  is  attached  tu  the  parachute 
suspension  point  or  riser,  Operation  ia  initia¬ 
ted  by  a  {mil  cord.  The  component  parts  of  the 
instrument  can  be  grouped  into  four  opera¬ 
tional  units; 

a,  A  round  aluminum  casing  tn  which 
two  clevises  are  attached. 

b,  A  column  of  steel  disc  springs  on 
a  puli  rod  supporting  the  force 
stylus, 


c.  The  chart  drive  mechanism,  con¬ 
sisting  of  the  recorder  assembly 
and  the  chart  drum  assembly. 

d.  The  time  marker  mechanism,  con- 
slating  of  the  oscillator  and  the 
time  marker. 

The  casing  for  the  instrument  ta  made  out  of 
round  stock  aluminum  capable  of  supporting  a 
radial  load  «<f  18,000  pounds.  The  upper  and 
lower  clevises  are  attached  to  the  casing  and 
pull  rod.  An  access  window  tn  the  casing  is 
provided  for  easy  removal  of  the  recording  unit. 
Tension  applied  to  the  tnstrument  ta  trans¬ 
mitted  through  the  caning  ami  the  pull  rod  from 
the  clevises, 

A  column  of  radially  tapered  steel  disc  springs, 
mounted  on  the  pull  rod,  la  housed  tn  the  lower 
portion  of  the  Instrument.  When  compressed, 
these  spitugH  have  nearly  linear  deflection  for 
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Figure  8-1-18.  Embossing  Stylus  Type  Tensionmeter 
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maximum  rated  load,  To  prevent  any  loose¬ 
ness  in  the  spring  assembly,  which  would 
disturb  the  aero-line,  a  preload  is  imposed 
on  the  spring  system,  a  bar,  supporting  the 
force  styHin,  is  screwed  in  place  in  a  slot 
across  the  head  of  the  pull  rod,  The  project" 
log  eitUs  ot  the  bar  are  uned  as  guides  to  pre¬ 
vent  any  rotation  of  the  (mil  rod  due  to  angular 
accelerations  acting  upon  the  instrument.  The 
force  stylus  is  moulded  in  two  cantilever 
springs,  which  are  soldered  tide  slots  near 
the  end  of  the  bar.  The  stylus  must  deflect 
slightly  when  the  chart  drum  is  placed  In  post" 
tton;  thus,  its  location  is  somewhat  critical, 
since  fhe  stylus  must  always  act  with  only  a 
slight  force  against  the  recording  medium. 
The  natural  frequency  of  this  force  recording 
system  ts  approximately  708  epa, 

The  recorder  assembly  consists  of  the  escape¬ 
ment  mechanism  and  the  chart  drum  assembly. 
The  escapement  mechanism  construction  is 
much  more  rigid  and  shockproof  than  that 
commonly  used  In  spring  powered  clock  con¬ 
struction.  The  escapement  Is  started  by  the 
movement  of  a  altder  bar,  which  ts  actuated 
by  a  pull  cord.  Battery  current  to  the  oscil¬ 
lator  la  connected  by  the  same  motion.  After 
one  complete  turn  of  the  drive  shaft,  the  escape¬ 
ment  ts  stopped  and  battery  current  discon¬ 
nected.  The  edges  of  the  recorder  base  plate 
are  beveled  to  fit  lido  the  dovetails  milled  into 
the  guide  plate  of  the  Instrument.  The  moment 
id  Inertia  of  thu  rotating  system  Is  sufficiently 
low  when  compared  to  that  of  the  torque  spring. 
This  Is  essential  to  prevent  any  slowing  down 
of  the  clock  as  a  result  of  angular  accelera¬ 
tions  whlGh  might  bo  Imputed  on  the  system 
externally.  The  chart  drum  la  designed  to  hold 
the  recording  medium  In  a  true  cylindrical 
shape.  The  recording  position  Is  made  of  po¬ 
lished  aluminum  foil  approximately  0.003- Inch 
thick.  It  is  preformed  to  a  cylindrical  shape 
slightly  smaller  In  radius  than  the  drum  surface 
and  firmly  held  In  position  on  the  chart  drum. 

The  function  ot  the  oscillator  Is  to  interrupt 
the  battery  current  periodically  to  cause  the 
time  marker  to  record  the  desired  time  inter¬ 
vals  on  the  recording  medium.  The  oscillator 
ts  of  electromechanical  design  and  particular 
attention  is  given  to  ensure  that  it  be  free  of 
inertia  and  acceleration  effects.  The  frequency 
of  oscillation  depends  upon  the  moment  of 
inertia  of  the  two  soft  Iron  discs,  each  mounted 
on  pivot  bearings  to  rotate  about  its  own  axis, 
and  the  value  of  the  restoring  torque  of  the 
straight  wire  springs  connecting  the  two  discs. 
The  nominal  frequency  of  the  oscillator  la  20  cps. 


The  time  marker  is  a  simple  solenoid  magnet 
carrying  a  pivoted  armature.  On  one  end  of 
this  armature  is  a  spring-loaded  stylus.  The 
time  marker  solenoid  is  connected  tn  series 
with  the  oscillator  solenoid.  Thun,  each  os  ¬ 
cillation  ot  the  oscillator  disc  causes  the  time 
marker  armature  to  move  up  and  down.  The 
time  marker  stylus  is  located  slightly  above 
the  force  stylus  inside  the  instrument  cai.e. 
The  force  sensing  system  is  calibrated  by 
subjecting  the  instrument  to  known  forces  and 
recording  the  position  of  the  stylus  on  the  re¬ 
cording  medium.  The  deflection  of  the  spring 
column  when  subjected  to  a  load  of  1,080 
pounds  ts  approximately  0,014  inch. 

For  tho  purpose  of  evaluating  the  recorded 
information,  It  in  necessary  to  magnify  the 
recorded  trace.  A  toolmaker's  microscope 
ts  satisfactory  to  evaluate  individual  force 
values.  To  obtain  force  versus  time  histories, 
other  conventional  reproducing  devices  may 
be  used. 

The  overall  length  ot  the  Instrument  ta  8.B 
inches,  and  the  diameter  of  tho  instrument 
case  is  4  inches,  Thn  weight  of  the  Instru¬ 
ment  is  11.3  pounds. 

Advantages  of  this  Instrument  are: 

a.  The  record  of  the  forces  recorded 
may  bo  road  even  alter  almost 
complete  destruction  uf  the  In¬ 
strument. 

b.  Relatively  inexperienced  personnel 
muy  be  used  for  installation,  load¬ 
ing,  and  unloading  of  the  instru¬ 
ment. 

Disadvantages  are: 

a.  Tho  adjustment  of  the  force  stylus 
ts  critical  In  order  to  produco  a 
visible  record  and  avoid  gouging. 

b.  The  frequency  response  of  this  in¬ 
strument  ts  relatively  low  and, 
therefore,  the  application  of  the 
instrument  is  limited. 

The  following  types  have  been  developed  and 

arc  avail**!*: 

Type  1  —  Capacity  7,500  lb.,  10  seconds 
recording  time 

Type  II  —  Capacity  7,500  lhr,  20  seconds 
recording  time 


WADC  TR  55-285 


8-1-13 


Type  Ul—  Capacity  19,000  lb.,  80  peeonds 
recording  time 

Thin  eelf-recordlng  tensiometer  was  developed 
by  Exlirie  Engineering  Co,,  Tulsa,  Oklahoma, 
and  wan  assigned  the  Model  No.  D-184, 

12. 3.2. 2  Photographic  Type.  The  magnitude 
and  duration  of  forces,  as  well  as  a  time  scale, 
are  recorded  on  a  moving  strip  o f  36-mro. 
photosensitive  film  by  means  of  light  beam 
recording.  The  overall  assemhiy  view  Is  shown 
in  Figure  ft-1-19.  The  use  of  this  instrument 
and  the  starting  procedure  of  the  recording 
cycle  are  identical  to -those  described  In  the 
previous  paragraph.  The  force  sensing  and 
recording  system  operates  as  fellows:  An 
annular  dive  spring  is  deflected  slightly  under 
load,  n<  this  deflection  causes  an  angular 
rotation  of  a  j  ,n»U  mirror.  The  image  of  an 
illuminated  slit  U  focused  uu  a  narrow  aperture 
in  front  of  a  non  "  strip  of  photo-sensitive 
film  after  reflection  <  m  *ho  rotating  mirror. 
As  this  mirror  rotates,  mu  image  is  caused  to 
move  lengthwise  along  the  aperture,  so  that 
the  developed  film  shows  the  displacement  of 
the  image  as  a  curved  line.  A  fixed  mirror, 
closely  adjacent  to  the  rotating  mirror,  provides 
s  stationary  image  near  one  end  of  the  aperture 
and  produces  a  straight  reference  line  on  the 
developed  film.  The  natural  frequency  of  the 
force  sensing  and  recording  system  is  approxi¬ 
mately  1,200  cpa. 

The  recorder  assembly  contains  a  commer¬ 
cially  available  3B-mm.  film  magazine  and  Is 
tautened  light-tight  to  the  instrument  cose 
window.  Upon  recorder  insertion  into  the  in¬ 
strument,  a  gear  on  the  takeup  reel  of'  the  re¬ 
corder  meshes  with  the  drive  gear  of  the  spring 
motor  and  the  instrument  Is  ready  for  operation. 

The  drive  motor  for  the  recorder  la  a  Neg'ator 
type  spring  motor  of  sufficient  torque  to  pull 
the  recording  medium  past  the  aperture  with 
constant  speed  for  a  minimum  period  of  20 
seconds.  Recording  time  may  be  changed  by 
adjusting  the  governor  on  the  spring  motor. 

A  small  noun  bulb,  lucated  near  the  aperture, 
is  caused  to  flash  with  a  constant  frequency 
from  a  vacuum  tube  oscillator.,  Each  flash 
illuminates  the  aperture.  The  developed  film 
then  shows  a  series  of  lines  across  the  film, 
the  distance  between  any  two  successive  lines 
representing  a  time  interval  of  0.04  second. 

The  force  sensing  Bystem  is  calibrated  by  sub¬ 
jecting  the  instrument  to  known  forces  and 


recording  the  position  of  the  deflected  light 
beam  on  the  film  strip.  An  applied  maximum 
ratpd  load  to  the  force  sensing  system  of 
the  Instrument  corresponds  to  a  light  beam 
deflection  on  the  recording  medium  of  approxi¬ 
mately  0,76  inch. 

The  recording  may  be  reproduced  for  evaluation 
by  means  of  a  photographic  reproduction  de¬ 
vice  which  prints  the  recording  traces  and  a 
calibration  grid  on  a  standard  size  sheet  of 
photographic  paper. 

The  overall  length  of  the  Instrument  is  11 
inches,  and  the  diameter  of  the  tnutwmcnt 
c&an  la  4  Inch*'!?.  The  weight  of  the  instru¬ 
ment  is  11.46  pounds. 

This  tensiometer  allows  the  recording  of  forces 
of  very  short  duration  with  great  accuracy, 
While  It  doen  not  require  highly  skilled  per¬ 
sonnel  to  maintain  thin  instrument,  the  record¬ 
ing  accuracy  that  may  be  obtained  is  subatsn- 
ttsUy  higher  than  that  (4  the  embossing  stylus 
type  tensiometer.  This  instrument  was  also 
developed  by  the  Exllne  Engineering  (to,, Tulsa, 
Oklahoma,  and  la  being  manufactured  under 
Model  No.  MX- 101.  The  following  types  are 
available: 

Type  1  ”  Capacity  4,000  lb,,  lOnecondo 
recording  time 

Type  11  ■=*  Capacity  7.600  lb.,  lOnecondo 
recording  time 

Type  Ul—  Capacity  7,600  lb.,  aOnecondu 
recording  time 

Typo  IV-  Capacity  16,0001b.,  20 seconds 
recording  time 

1.2. 3. 3  Accelerometer.  (See  Figure  3-1-20.) 
A  self-recording  accelerometer  was  developed 
by  Gulton  Mfg.  Co.,  Metuchen,  Now  Jersey,  for 
the  purpose  of  measuring  and  recording  gravi¬ 
tational  forces  during  exploratory  parachute 
drop  test.  This  self-recording  accelerometer 
is  designated  as  Glenlte  Tape  Recording  System 
KAT-1.  The  Glenlte  Tape  Recording  System 
has  been  designed  to  provide  for  the  instan¬ 
taneous  recording  of  gravitational  forces  in 
moving  devices  where  direct  or  wireless  con¬ 
nections  between  transducer  and  recording  sys¬ 
tem  are  not  feasible.  The  system  consists  of 
two  basic  devices,  a  completely  self-contained, 
self-recording  accelerometer,  which  provides 
a  coded  acceleration  versus  time  record  on 
magnetic  tape,  and  a  tape  playback  unit,  which 
can  drive  permanent  recording  devices,  such 
as  a  light -beam  galvanometer.  In  application, 
the  tape  record  is  made  within  the  accelero¬ 
meter.  This  is  folowrd  by  removal  of  the 
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Figure  8-1-19.  Photographic 
8-1-15 


Figure  8-1-20.  Self-Recording  Accelerometer 


tape  record  ol  shock  and  acceleration  phenom¬ 
ena.  It  is  packaged  within  a  housing  4  1/2 
in.  in  diameter  and  3  in.  high,  and  weighs  only 
3  lb.  complete.  This  accelerometer  can  be 
mounted  in  relatively  inaccessible  locations 


in  moving  objects.  The  unit  is  completely 
self-contained,  and  only  the  pull  ol  a  cord  or 
the  action  of  a  contact  pair  is  necessary  to 
start  the  recording  action.  This  accelerometer 
was  developed  for  installation  in  the  center 
tube  of  a  parachute  dummy. 
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1.2. 3. 3.1  Seismic  Transducer.  The  seismic 
transducer  Is  a  differential  transformer  de¬ 
vice  utilizing  a  spring  suspension.  The  unit 
operates  ever  a  range  of  acceleration  from 
0  to  *180  g.  However,  careful  balancing  tech¬ 
niques  provide  full  scale  measurements  down 
to  *10  g'a.  The  undamped  natural  (resonant) 
frequency  of  the  transducer  Is  about  000  cycles 
per  second,  fluid  damping  to  0,70?  of  critical 
ut  20*  Q.  ensures  flat  frequency  response  from 
0  to  300  cps.  The  seismic  transducer  la 
mounted  to  the  Inside  of  the  top  plate  of  the 
accelerometer  and  produces  a  carrier  modu¬ 
lated  output  proportional  to  the  instantaneous 
acceleration. 

1.2.9.3.2  Electronic  Circuitry.  The  entire  elec 
Ironic  circuit,  cast  in  resin  for  estreme  rug- 
gedness,  is  fastened  to  the  inside  of  the  cover 
piste.  The  elect ronle  circuitry  la  completely 
translator  land  to  reduce  else  and  weight,  to 
minimise  battery  power  consumption,  and  to 
obtain  instantaneous  starting.  A  phase  mudu- 
lattun  technique  has  been  developed  for  this  in¬ 
strument.  One  of  the  features  la  that  both 
reference  and  Information  signals  are  recorded 
on  »  single  truck  of  tape.  While  both  urn  used 
to  decode  the  data  in  the  playback  system, 
the  reference  signal  may  sIho  he  used  as  a 
timing  signal  on  the  final  playback  record. 

1.3.3.3.3  Taps  Uncording  Mechanisms.  The 
tape  transport  mechanism,  electrically  driven 
by  a  self-contained  battery,  in  designed  to  drive 
the  magnetic  tape  at  a  speed  of  IB  Inches  per 
second.  This  provides  n  running  time  of  30 
seconds,  using  300  Inches  of  1/4 -Inch- wide 
magnetic  tape.  Thu  entire  mechanism  1b  de¬ 
signed  into  a  housing  to  withstand  high  external 
forces,  and  the  system  Is  designed  to  operato 
with  less  than  *10  percent  speed  variation  at 
accelerations  up  to  *60  g's.  The  tape  transport 
mechanism  is  normally  supplied  with  a  pull- 
wire  starting  switch  designed  to  energise  the 
complete  accelerometer  with  10-lb.  tension. 
Othe.  starting  devices  may  be  used,  such  as 
relays  or  acceleration  switches.  For  normnl 
use,  an  automatic  stop  mechanism  Is  provided, 
which  breaks  the  motor  battery  circuit  as  soon 
as  the  last  portion  of  tape  passes  the  head. 

1.2.3.3.4  Playback  Unit.  The  playback  system 
Is  required  to  process  the  phase  modulated  tape 
recording  to  obtain  a  signal  containing  the  re¬ 
quired  acceleration-time  dnirunteristics.  Tms 
unit  consists  of  two  components  mounted  in  a 
single  rack,  approximately  22"  x  18"  x  28".  A 
high-quality  playback  transport  device  provides 
playback  at  15  In.  per  sec,  and  will  handle 


spliced  records  up  to  1,200  ft.  The  Instanta¬ 
neous  filtered  output  of  the  playback  unit  is  ted 
to  standard  recording  devices,  such  as  gal¬ 
vanometers,  oscilloscopes,  met erp,  or  direct 
writing  recorders. 

1.2. 3.4  Oscillometer.  (See  Figure  d-t-21.)  A 
self-recording  oscillometer  was  developed  by 
Exltne  Engineering  Company,  Tulsa,  Oklahoma, 
for  tho  purpose  of  sensing  end  recording  the 
amplitude  and  period  of  oscillation  of  a  para" 
chute  suspended  load  during  descent.  The  os¬ 
cillometer  incorporated  two  angular  position 
sensing  elements  to  sense  oscillations  in  two 
mutually  perpendicular  axes.  These  position- 
sensing  elements  are  essentially  frlctionleaa 
bearings  caged  in  a  aero  or  neutral  position 
and,  after  a  predetermined  time  interval,  re¬ 
leased.  The  relative  position  between  the  rotor 
and  stator  of  the  sensing  elements  to  recorded 
on  a  moving  19-mm.  filmstrip.  Operational 
sequence  of  thin  Instrument  in  initiated  by  re¬ 
moval  ut  an  arming  cable.  Thin  action  arum 
au  accelerometer  type  sensing  device  net  to 
actuate  ut  a  selected  value  of  gravitational  force 
Imposed  upon  the  element.  The  opening  shock 
of  the  parachute  will  actuate  thin  sensing  de¬ 
vice  and  arm  a  time  delay  clreutt.  After  a 
preset  time,  the  time  delay  circuit  will  cauae 
angular  position  sensing  elements  to  uncage 
and,  at  the  name  time,  start  the  10-nun.  film¬ 
strip  contained  within  a  U.B.A.l*.  camera,  which 
in  modified  for  a  0-volt  d-e  drive  motor.  After 
a  preselected  time  interval,  the  camera  will 
stop  and  the  angular  position  sensing  elements 
become  caged  again.  Two  types  of  self-record¬ 
ing  oscillometers  have  been  developed  and  are 
available.  Typo  1  was  designed  for  use  during 
routine,  low-altitude  drop  teats.  The  range  of 
this  Instrument  is  *46®  and  the  recording  con¬ 
tinuous  with  adjustable  recording  periods  of 
20,  40,  and  60  seconds.  Type  11  was  designed 
for  high-altltude  testing  of  experimental  para¬ 
chutes.  The  range  of  this  Instrument  Is  *  60°. 
The  total  recording  timo  Is  divided  Into  four 
recording  intervals  of  30  seconds  each.  Each 
recording  period  is  Initiated  by  one  of  four 
aneroid  switches,  which  are  preset  to  Initiate 
the  individual  recording  periods  at  certain  al¬ 
titudes  Altitude  selections  may  be  made  with¬ 
in  the  following  pressure  altitude  ranges:  sea 
ievei  to  25,000  ft.,  25,000  to  50,000  it.,  50,000 
to  76,000  ft.,  and  75,000  to  100,000  ft. 

The  entire  instrument,  with  the  exception  of 
the  power  supply,  is  housed  in  a  container 
approximately  IS  1/2  inches  long  and  4  7/8  inches 
In  diamoter.  This  instrument  may  be  inserted 
Into  the  center  tube  of  a  parachute  drop  test 
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dummy.  The  power  supply  is  housed  in  a 
container  approximately  6  inches  long  and 
3  7/8  Inchon  in  diameter,  and  contains  a 
battery  power  supply  sufficient  for  the  opera¬ 
tion  of  the  self-recording  oscillometer  and 
heating  elements  located  in  the  instrument 
proper  and  the  power  supply  container,  This 
power  supply  container  may  he  inserted  into 
one  us  the  arse  iu'um  uf  <»  drop  t.-ot 

dummy. 

All  instruments  mentioned  above  are  designed 
to  record  data  on  a  single  channel  only,  with 
the  exception  of  the  oscUlonv-ter,  which  will 
record  two  channels  of  oscillation  in  two  axes. 

1.8.4  flELP-ReCOMUNG  INSTRUMENT  SYS- 
TEMH  (UKQPTKST), 

1.3.4, 1  General,  These  instrument  systems 
are  used  (or  the  measurement  and  recording 
of  various  parachute  oiienomena  versus  a  com¬ 
mon  time  base,  The  instrument  systems  avail¬ 
able  fail  into  two  general  categories,  the  mag- 
in  tic  tape  data  recording  systems,  and  the  tele  • 
mrterbig  systems. 

1.8.4, 8  Magnetic  Tape  Data  KecordingSyntems. 
The  magnetic  tape  data  recording  system  was 
developed  and  constructed  by  (Jonh  Hesearch 
Laboratories,  Hkokle,  Illinois.  The  purpose 
of  the  data  recording  system  ts  to  take  ampli- 
tudc-fmxiulnted  signals,  either  ac  or  dc,  from 
various  types  of  sensing  elements,  convert 
them  into  frequency -modulated  audio  signals 
between  3,000  and  4,000  cps,  and  record  these 
signals  on  magnetic  tape.  The  magnetic  tupe 
data  recording  system  provides  a  complete 
means  of  recording  simultaneously  the  data 
supplied  by  a  numbor  of  sensing  elements.  The 
equipment  is  designed  to  accept  information 
signals  from  such  instruments  as  accelerom¬ 
eters,  tensiometers,  pressure  transducers, 
altimeters,  and  airspeed  indicators,  and  to  con¬ 
vert  these  signals  Into  a  form  acceptable  to 
the  magnetic  tape  recorder.  A  fixed  frequency 
of  4,000  cps  from  a  reference  frequency  os¬ 
cillator  is  also  recorded  on  one  channel  on  the 
magnetic  tape  fa r  the  purpose  of  error  com¬ 
pensation  and  tape  speed  control  In  the  play¬ 
back  system.  Auxiliary  equipment  provided 
with  this  system  consists  of  a  field  calibra¬ 
tion  unit  that  allows  the  accurate  adjustment 
of  the  Individual  converter  channels  as  well 
as  reference  frequency  channels.  The  com¬ 
ponents  of  the  equipment  generally  consist  of 
sensing  elements,  signal  converters,  reference 
frequency  oscillator,  magnetic  tape  recorder, 
and  power  supply  motor -alternator. 


a.  Signal  converters  are  electronic  cir¬ 
cuits  used  to  convert  the  signals  ob¬ 
tained  from  various  types  of  sensing 
elements  to  vartablo  audio  frequen¬ 
cies,  which  are  recorded  on  the 
magnetic  recording  tape,  The  audio¬ 
frequency  shift  thus  obtained  ts  pro¬ 
portional  to  the  output  received  from 
thP  Banning  element.  Two  types  of 

signal  converters  may  be  used  with 
thin  system,  the  a-e  type  and  he 
d-c  type,  The  a-c  signal  conve  r 
uses  a  1,400-cps  carrier  voltage 
and  will  accept  signals  as  lew  as 
0.008  volt,  at  1,400  epu  from  the 
sensing  element  at  full-scale  de¬ 
flection  for  a  1,000-cycle  shift,  ThlH 
circuit  ia  specifically  designed  for 
operation  with  sensing  elements  hav¬ 
ing  a  low  output  voltage.  Thed-e  con¬ 
verter  Is  used  with  sensing  elements 
having  in  the  neighborhood  of  8  volts 
of  d-c  output.  These  units  require 
approximately  4.3  volts  dc  for  full- 
scale  deflection. 

o,  Reference  frequency  oscillator  sup¬ 
plies  a  fixed  frequency  of  4,000 
cps  to  a  single  channel  on  the  mag¬ 
netic  tape  recorder.  Thlo  signal  Is 
subsequently  used  as  a  reference  sig¬ 
nal  In  the  playback  Hystem  to  compen¬ 
sate  for  variation  In  tape  speed  and 
to  control  the  speed  of  the  playback 
unit  so  that  tt  is  Identical  to  the  speed 
of  the  recorder  during  the  time  of 
recording.  The  oscillator  output  am¬ 
plifier  circuit  is  identical  to  that  of 
the  Blgnal  converter. 

c.  Magnetic  tape  recorder  is  used  to 
convert  the  output  of  the  various 
signal  converters  into  a  magnetic 
pattern  on  the  recording  tape. 

d.  Power  supply  and  motor  alternator. 
The  motor  alternator  contained  within 
the  power  supply  component  ts  used 
to  convert  the  24 -volt  nominal  battery 
supply  voltage  to  a  40-volt,  a-c, 
1,400-cps  supply  voltage  for  use  in 
the  power  supply  for  zero  adjust 
voltage  in  signal  converters  and  as 
a  voltage  source  for  bridge  type 
sensing  elements.  The  alternator 
delivers  approximately  11  watts  with 
an  output  of  38  volts.  The  power 
supply  furnishes  the  plate  voltages 
for  all  the  electronic  circuits.  All 
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oscillator  tubes  require  a  well-regu¬ 
lated  plate  voltage  and  a  well-regu¬ 
lated  filament,  supply.  Plate  voltage 
regulation  is  accomplished  by  means 
of  an  electronic  voltage  regulator, 
which  utilises  both  sections  of  a  dual 
trtode  tube.  The  filament  voltage  Is 
obtained  from  a  separate  II -volt 
power  supply.  All  amplifier  tubes 
require  140  voWs  defer  plate  voltage, 
In  addition,  the  power  supply  also 
furnishes  the  required  values  of  volt¬ 
age  at  1,400  ops  for  signal  converter, 
sero  adjust,  and  carrier  voltage, 
Carrier  voltages  may  ba  furnished 
between  to,  14,  is,  and  10  volts  ac, 
A  numw«r  of  magnetic  tap#  recording 
systems  have  been  developed  and  con¬ 
structed  In  the  past  for  various  ap¬ 
plications,  They  are  nU  built  around 
the  basic  component  described  above. 

1.2.4.$$.  1  Drop  Test  Gondola.  (See  Figure 
8-1-22.)  This  item  is  a  drop  t  >nt  bomb  which 
contains  a  number  of  fteusltu1,  elements,  con¬ 
verters,  power  supplies,  and  iccorders  In  order 
to  measure  and  record  various  parachute  phe¬ 
nomena  versus  a  common  time  base  during  one 
drop.  The  gondola  weighs  approximately  280 
pounds  when  fully  loaded.  Including  test  para¬ 
chutes.  The  test  parachute  Is  generally  packed 
in  a  deployment  bag  and  stored  in  the  inside 
of  the  tail  section  of  the  gondola,  which  may  be 
ejected  forcibly  after  a  predetermined  time. 
The  gondola  may  be  carried  either  externally 
or  internally  in  an  aircraft.  Tho following  para >■ 
chute  phenomena  may  be  measured; 

a.  Parachute  force  versus  time. 

b.  Gravitational  forces  parallel  to  the 
longitudinal  axis  of  the  test  gondola. 

c.  Gravitational  forces  in  both  the  X- 
and  Y-axes,  that  is,  90*  to  the  longi¬ 
tudinal  axis  of  the  test  gondola. 

d.  Airspeed. 

e.  Altitude,  from  which  rate  of  descent 
may  be  extracted. 

f.  Oscillation  of  the  parachute  system 
in  two  axes. 

Generally,  osclllatlcn  in  both  axes  Is  recorded 
after  a  predetermined  time  has  elapsed  from 
the  moment  of  parachute  deployment.  An  intri¬ 
cate  timing  system  is  provided  in  the  test 
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gondola  to  preselect  the  time  of  tail  u  '  aiton 
from  the  gondola  am)  to  preselect  the  at 
which  the  oscillometer  channels  will  be  h- 
cd  Into  the  systems,  A  number  of  different 
tail  configurations  have  been  designed  for  the 
test  gondola  and  have  been  used  In  the  past 
in  order  to  make  It  possible  to  test  parachutes 
utilising  different  deployment  methods.  Orig¬ 
inally,  the  ejected  tail  acted  as  pilot  chute 
to  deploy  the  main  parachute  or  test  para¬ 
chute,  which  was  stowed  in  a  deployment  bag. 
Parachutes  in  sixes  up  to  28  feet  may  be 
tested.  However,  since  the  system  ta  rela¬ 
tively  expensive,  the  test  gondola  is  used 
only  tor  drop  tests  un  parachute  systems 
that  have  previously  proven  their  reliabil¬ 
ity.  Two  24-volt  power  supplies  are  carried 
internally  In  the  gondola.  Data  la  recorded 
on  one-tnch-wtde  magnetic  tape.  The  over¬ 
all  recording  time  of  »hte  recorder  in  88 
minutes.  Operation  of  the  entire  system  has 
been  touted  at  ground  Impacts  up  to  78  g's. 
In  order  to  prevent  damage  to  the  Instru¬ 
ment  system,  a  cruahabie  nose  section  Is  pro¬ 
vided,  which  may  be  replaced  after  each  drop 
test, 


1.2. 4.2.2  Six-  Channel  Magnetic  Tape  Recording 
Systom  (Universal).  (3tfo  Figure  8-1-23.)  This 
system  consists  of  individual  components  com¬ 
prising  six  signal  converters,  each  individually 
housed  in  steel  containers  3  18/10  inches  In 
diameter  and  2  7/0  Inches  high,  a  power  supply 
and  motor-alternator  act,  together  with  three 
variable  rtisloitotce  type  acceleivunrisrs,  which 
are  housed  In  a  steel  container  4  7/8  inches 
in  diameter  and  8  Inches  high,  a  magnetic 
tape  recorder  anil  reference  frequency  os¬ 
cillator  housed  in  a  steel  container  4  7/8 
Inches  in  diameter  and  0  Inches  high,  and  two 
battery  units,  each  containing  two  d-volt  lead- 
acid  batteries,  mounted  In  a  steel  mounting 
3  18/16  Inches  in  diameter  and  3  8/8  inches 
high.  This  particular  system  is  used  (or 
cargo  applications  or  may  be  installed  in  the 
different  internal  tubes  of  a  parachute  dummy. 
Six  different  phenomena  may  be  recorded  ver¬ 
sus  a  common  time  base.  The  overall  weight 
of  the  complete  system  is  approximately  TO 
pounds.  This  system,  too,  has  been  tested 
under  shock  loads  of  up  to  75  g’s.-  The  mag¬ 
netic  tape  recorder  accommodates  tape  one- 
inch  wide  and  has  a  recording  time  of  3 
minutes,  with  Rn  average  tape  speed  of  11 
Inches  per  second. 

1.2. 4. 2. 3  Six-Channel  Magnetic  Tape  Record¬ 
ing  System  (Single  Unit),  (See  Figure  6-1-24.) 

-20 


/ 


iiie£un 


Power  Sup pty  Recorder  Container 

Figure  8-1-29.  Six-Channel  Magnetic  Tape  Recording  System  (Universal ) 


resistors  into  the  sensing  element  input  circuits* 
The  tape  recorder  in  thin  system  is  built  par¬ 
ticularly  rugged  in  order  to  record  under 
sustained  high  gravitational  forces  <■'  up  to 
75  g's.  The  overall  running  time  of  this 
recorder  is  three  minutes  and  the  average 
tape  speed  is  30  inches  per  second,  which 
results  in  a  much  smoother  playback  record¬ 
ing. 

i.2.4.2.4  Miniature  Tape  Recording  System. 
(See  Figure  8-1-25.)  Only  recently,  two  min¬ 
iature  tape  recording  systems  were  developed 
for  installation  into  the  internal  tubes  of  a 
parachute  dummy.  One  system  consists  of 
three  data  channels  and  one  reference  frequency 


channel,  while  the  other  consists  of  six  data 
channels  and  one  reference  frequency  channel. 
The  overall  dimensions  of  this  system  are  ap¬ 
proximately  5  inches  in  diameter  and  23  inches 
long.  The  auxiliary  equipment  required  for  the 
operation  of  this  system  consists  of  a  power 
switching  unit,  calibration  unit,  and  power  sup¬ 
ply.  The  power  switching  unit  may  be  Installed 
in  the  right-arm  tube  of  a  parachute  dummy  and 
has  as  its  function  the  switching  from  externally 
to  internally  applied  d-c  power.  The  left-arm 
tube  of  the  dummy  contains  the  calibration  unit, 
by  means  of  which  it  is  possible  to  simulate 
full-scale  sensing  element  deflection  by  switch¬ 
ing  a  known  resistance  into  the  input  circuits  of 
the  data  signal  converters.  The  two  ieg  tubes 
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y(  the  parachute  dummy  contain  a  24-volt,  d-c 
power  supply  lor  the  operation  of  the  system. 
Teutn  have  been  conducted  on  this  system  up 
to  altitudes  of  100,000  feet  and  temperatures 
down  to  -88“  F.  The  tape  recorders  in  both 
systems  are  miniaturised  and  have  a  rocordlihf 
time  of  three  minutes,  with  an  average  tape 
speed  of  11  inches  per  second.  For  the  three- 
channel  system.  1/2-lnch-wtde  magnetic  tar* 
is  used,  while  1 -inch-wide  tape  Is  used  for  the 
six-channel  system. 

The  operational  characteristics  and  the  com¬ 
ponents  of  the  magnetic  tape  playback  system 
are  described  under  "Laboratory  Instrument 
Systems." 

1.2.4. 3  Telemetering  System.  (See  Figure 
8-1-26.)  Essentially,  telemetering  Is  a  means 
whereby  intelligence  data  are  measured  In 
flight  and  transmitted  to  a  ground  station  for 
record  and  Interpretation.  Many  systems  have 
been  developed,  but  for  most  parachute  system 
tests,  only  miniature  or  submtniature  systems 
can  be  used. 


1.2.4, 3.1  FM/FM  Telemetering  System.  Each 
intelligence  datum  measured  tncmivtn  ted  into  an 
equivalent  electrical  signal,  which  frequency - 
modulates  a  subcarrier  oscillator  operating  in 
one  of  the  standard  Research  and  Development 
Board  (HDD)  subcarrler  bands.  The  output 
voltages  of  the  subcar rtor  oscillators  are  com¬ 
bined  and  applied  to  tho  modulator  circuit  of  a 
V-H-F  radio  transmitter,  which  in  turn  excites 
a  transmitting  antenna,  'the  signal  is  recovered 
by  a  ground  station  receiver,  which  converts 
the  F-M  R-F  signal  into  a  composite  subcarrler 
voltage.  Bandpass  ftlters  separate  the  individ¬ 
ual  subcarrier  voltages  from  the  composite 
signal.  The  filtered  subcarrler  ntgnals  are 
fed  Into  subcarrler  frequency  desertmtnators, 
which  produce  a  varying  d-c  output  voltage. 
The  current  output  of  the  discriminator  is  the 
electrical  equivalent,  of  the  original  stimulus. 
This  output  may  be  fed  tnto  a  galvanometer 

tvpp  - - "Tg  oscillograph  to  convert  theelec- 

trir.al  sin-.t  into  a  permanent  photographic 
record.  By  the  use  of  a  conversion  or  cali¬ 
bration  chart,  or  by  automatic  data  reduction 
eouipment,  the  information  may  be  converted 
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Figure  8-1-26,  Telemetering  Installation  on  Teat  Vehicle 

into  terms  of  the  original  quantity  for  purpose  It  has  been  shown  that  only  a  limited  num- 
of  analysts.  her  of  single  intelligence  channels  may  be 

combined  In  a  multiple  technique  to  accom- 
The  accuracy  of  telemetered  data  is  dependent  modate  a  number  of  different  muanurements 
upon  proper  shockmounting,  vibration  isolation,  simultaneously.  If,  however,  the  Intelligence 
temperature  control  and  compensation,  voltage  sources  may  he  sampled  in  a  recurring  se- 
cuntrul,  and  calibration.  quoncs,  the  number  of  channels  that  may  bo 

recorded  is  very  large.  Each  band,  or  a 
The  continuous  reading  type  Is  limited  to  18  number  of  hands,  may  carry  as  many  a a  27 

bands  by  the  RDB  specification.  In  general,  different  intelligence  data  per  band  by  uti- 

one  intelligence  signal  is  assigned  to  each  Using  a  commutator  switch.  This  sampling 

different  subcarrier  frequency  band.  The  in-  Is,  however,  accompanied  by  a  substantial 

dividual  sensed  datum  is  used  to  frequency-  reduction  in  the  rate  of  intelligence  changes 

modulate  a  subcarrier  oscillator  wlthinthelim-  (frequency  response)  that  can  bo  accurately 

Its  of  Its  assigned  band  of  frequencies.  transmitted.  A  number  of  telemetering  sys- 
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terns  arc  commercially  available,  and  defatted 
performance  data  may  be  obtained  from  nianu- 
(adorers'  catalogs. 

1,2.8  LABORATORY  INSTRUMENT  SYSTEMS. 

1.2.0. 1  Static  and  Dynamic  Strain  Recording 
System,  (See  Figure  B-l-27.)  The  static  and 
dynamic  at  rain  recording  system  la  widely 
used  for  recording  teat  information  fn  wind 
tunnel  testa  and  other  static  tent  farilitieH, 
such  an  platform  test  (acuities,  Thin  system 
consists  oil  a  carrier  system  to  measure  and 
record  phenomena  tn  the  range  of  Q  to  BOO 
epa,  ntlltKlng  variable  resistance  type  or  var" 
table  reluctance  type  pickups  as  sensing  »<lo- 
mints,  a  power  unit  to  supply  the  carrier 
system  With  me  vouagee  ropo»».M,  •»»!  « 
beam  epcfllograph.  The  entire  system  in  min" 
iaturteed  and  ruggedteed  especially  for  mobile 
and  aircraft  uue.  Physically,  the  nyntem  Is 
composed  of  two  or  three  units  on  shock 
mounts.  One  euae  contains  the  power  supply, 
the  other  contains  the  amplifiers,  and  the 


third  la  the  light-beam  o8cUlofjra|»h  itself. 
A  variety  of  static  and  dynamic  fit  rain  re¬ 
cording  systems  are  commercially  available, 
and  detailed  performance  data  may  be  ob¬ 
tained  from  manufacturers'  catalogs. 

1.8. 5.8  Magnetic  Tape  Playback  System,  (See 
Figure  8-1-88.)  The  magnetic  tape  playback 
system  converts  the  frequency-modulated  sig¬ 
nals  recorded  prevtouoly  on  magnetic  tape 
Inti*  analog  voltages  through  discriminator  ac¬ 
tion.  The  recording  in  a  frequency-modulated 
signal,  with  a  full-scale  swing  of  BOO  cycles 
about  a  signal  frequency  of  8. ft  Kilocycles. 
The  tape  transport  mcchanlom  drives  the  tape 
past  a  pickup  head.  First,  the  signal  picked 
up  from  this  head  ta  passed  through  a  pre- 
-;r,j?orMa*'  After  further  mnplitteaUon,  the  sig¬ 
nal  ts  clipped  fmd  shaped  info  pulaes  suitable 
for  triggering  a  nomi.-atabte-multl-vlbratur 
type  pulse  rate  counter.  The  rosulitog  pulses 
are  passed  to  a  low-puss  filter  circuit,  which 
has  a  cutoff  frequency  of  aoo  ops.  The  d-c 
VoltugCfi  ut  the  filter  output  are  then  sent  to 


Figure  8-1-27 .  Sialic  and  Dynamic  Strain  Recording  Systems 
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an  amplifier,  which  furnishes  the  power  am¬ 
plification  necessary  to  drive  a  galvometor 
or  Ught-heam  oscillograph,  Since  the  speed 
of  recording  of  recording  may  not  be  constant, 
playback  at.  constant  speed  would  not  result 
In  faithful  data  reproduction.  Therefore,  a 
variable  speed  tape  transport  la  used  for  play* 
back.  This  tape  transport  receives  Up  control 
signal  from  the  reference  frequency  channel 
on  the  recorded  tape,  A  4,000-cps  fused  fre¬ 
quency  is  recorded  on  this  channel.  Tape  flut- 
ter  and  wow  appear  as  a  frequency  modulation 
of  the  4,000-cpa  carrier  frequency,  This  signal 
is  detected  in  a  manner  similar  to  that  used 


In  the  data  dlecrimlnator.  The  signal  la  ampli¬ 
fied  and  used  to  'amtrol  the  capstan  drive  speed, 
where  It  removes  the  long-term  soeed  varia¬ 
tion  problem.  The  large  Inertia  of  the  system 
prevents  Instantaneous  action.  Therefore,  thin 
reference  signal  Is  also  uaed  to  control  the 
bias  on  the  pulne  height  limiting  diode  of  the 
data  discriminator  circuits.  The  result  la  a 
cancellation  of  the  noise  at  the  output  of  the 
data  dlnertmtnatur.  The  result  of  this  action 
is  a  faithful  analog  reproduction  of  the  digital 
Input  data,  The  ntx -channel  playback  system 
is  completely  contained  to  a  70-tnch  relay  rack 
cabinet.  Thta  relay  rack  cabinet  houses  the 
playback  tape  mechanism,  calibration  oscillom¬ 
eter,  reference  reconverted  preamplifier,  mo¬ 
tor  control,  and  elx  data  reconvorters.  The 
complete  oyntem  Is  powered  from  a  100 -volt 
line  through  a  solar  regulating  transformer, 
The  tape  drive  mechanism  Is  powered  by  d-e 
motor*  for  tk>?  capstan  drive  and  the  tape-up 
spool.  The  unit  in  designed  for  two-speed 
operation,  The  nominal  tape  speeds  In  the 
playback  operation  are  approximately  H  and 
30  Inches  per  second.  The  unit  will  accom¬ 
modate  either  1/3-  or  1 -inch  wide  tape.  Aux¬ 
iliary  equipment  for  this  magnetic  tape  play¬ 
back  system  consists  of  either  a  six-channel 
direct  writing  recorder  or  a  six-channel  light- 
beam  oscillograph,  which  converts  the  output 
signals  of  the  data  reconvertors  into  perma¬ 
nent  records. 


1.2. 5. 3  Three-Component  Balance,  Mechanical 
and  Electrical.  (See  Figure  8-1-29.)  This  bal¬ 
ance  was  designed  and  constructed  for  the 
purpose  of  measuring  drag,  lift,  and  moments 
on  parachutes  or  parachute -vehicle  combina¬ 
tions  In  a  wind  tunnel.  The  three-componenl 
balance  is  a  prectslon  instrument  capable  of 
very  accurate  measurement  of  forces  and  mo¬ 
ments  on  a  test  vehicle  or  parachute  in  an 
air  stream.  The  load  capacity  of  the  balance 
Is  as  follows:  Drag  —  ±  60  lb. 

Lift  —  ±  1 5  lb. 

Moment  —  x  12  ft.  -lb. 


Figure  8-1-2%.  Magnetic  Tape  Playback  System 
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Figurt  H-i-139.  Threti "Component  Palatum 

The  measuring  system  la  baaed  upon  the  fol¬ 
lowing  principle:  The  teat  vehicle  or  para¬ 
chute  In  suspended  on  a  support  rod  that  ter¬ 
minates  In  a  universal  joint  located  lh  the  base 
of  the  support  stand.  The  support  rod  Is  there¬ 
fore  movable  around  the  pivot  point  in  the 
universal  joint,  with  a  minimum  of  friction  in 
all  directions.  The  lower  hall  of  the  univer¬ 
sal  joint  terminates  in  a  shaft,  which  la  held 
In  position  by  ball  bearings  that  allow  free 
rotation  of  the  model  support  assembly.  A 
single  ball -bearing  bracket  ts  mounted  at  exactly 
half  the  longth  of  the  supporting  rod  and  serves 
for  the  purpose  of  transferring  the  load  to  the 
linkage  system  of  the  Individual  scales.  The 
linkage  systems,  In  turn,  transfer  the  forces 
to  the  poise  weight  scales.  A  counter  In¬ 
dicates  the  position  of  the  scale  poise  weight 
and  therefore  allows  an  accurate  reading  of 
the  forces  acting  on  the  test  vehlclo  or  para¬ 
chute.  Provisions  are  made  either  for  sim¬ 
ultaneous  measurement  of  all  components  or 
for  "freezing"  of  each  individual  component. 


Strain  gags  flexures  are  installed  in  the  link¬ 
age  system  of  each  balance  in  order  to  allow 
for  combined  mechanical  or  electrical  meas¬ 
urement. 

L2.6  ASSOCIATED  EQUIPMENT. 

1,2. 0.1  090-  Pound  Cord  with  Transmission 
Leads,  A  090-pound  nylon  cord  with  four  in¬ 
sulated  transmission  leads  ts  used  as  bus- 
pension  line  to  canopies  on  which  pressure 
or  stress  phenomena  are  Intended  to  be  meas¬ 
ured.  Of  primary  Importance  during  such 
teats  la  the  maintenance  of  constant  trans¬ 
mission  lead  resistance  at  all  times,  Pe¬ 
nalise  of  the  stretch  tn  suspension  lines  under 
canopy  loads,  it  la  necessary  that  the  outer 
bin  ids,  which  include  the  trnns  mission  lines, 
esrry  none  of  the  load  of  the  canopy  with  an 
elongation  of  up  to  SO  percent.  This  is  ac¬ 
complished  by  using  a  building  angle,  which 
assure®  that  when  the  riunpennlon  line  la  stretch¬ 
ed  the  decrease  In  diameter  of  the  transmis¬ 
sion  line  ho’dtng  braid  la  less  than  that  of  the 
central  nylon  core}  consequently,  it  become? 
slightly  loose  and  no  stresses  are  placed  on 
the  outer  braid.  The  type  now  tn  use  has  only 
a  1.26  percent  Increase  In  resistance  st  90 
percent  elongation  and  w  Ml  percent  Increase 
at  kb  percent  elongation. 

l.SI.'f  PHOTQTHEOBOLJTE  (CINRTHKOBO 
LITE).  (Bee  Figure  8-1-80.)  Phutotheodulttes 
are  used  to  record  on  film  a  complete  recurd 
of  parachute  and/or  vehicle  behavior,  Each  In¬ 
strument  consists  of  an  optica)  system  em¬ 
bodying  powerful  lenses  for  tracking  and  photo¬ 
graphing  the  object  being  monitored.  The  cam¬ 
eras  not  only  photograph  the  object  but  also 
record  time,  azimuth,  and  elevation.  Photos 
are  taken  at  the  rate  of  10  per  second.  Track¬ 
ing  la  accomplished  by  hand  cranking.  Norm¬ 
ally,  three  Instruments  are  used  and  are  so 
placed  that  their  respective  angles  of  ele¬ 
vations  ami  azimuths,  taken  at  any  specific 
time,  pinpoint  with  extreme  accuracy  the  po¬ 
sition  of  the  monitored  object.  Data  reduction 
Is  accomplished  by  IBM  computers  from  the 
information  afforded  by  the  film.  The  photo- 
theodolite  excels  in  accuracy  of  trajectory, 
speed,  rate  of  descent,  and  drift  measure¬ 
ments.  Figure  8-1-30  shows  the  distance  an 
object  may  be  tracked  under  good  visibility 
conditions. 

1.2.8  PHOTOGRAPHIC  CAMERAS.  For  the 
purpose  of  obtaining  photographic  coverage 
of  the  parachute  deployment  sequence,  flying 
shape,  and  other  characteristics  during  drop 
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teats,  cameras  are  installed  in  drop  teat  ve¬ 
hicles*  In  general,  G.S.A.P.  cameras  are  used, 
modified  for  a  film  speed  of  up  to  100  frames 


3 


per  second  and  equipped  with  wide-angle  lenses 
(n-mm.),  If  high-speed  movies  are  required, 
Bell  and  Howell  or  Foatax  cameras  are  used, 
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CHAPTER  VIII 
SECTION  2 
TEST  METHODS 


8.1  GENERAL. 

Before  any  test  program  lo  Initiate,  a  careful 
analysis  of  the  loll  objective  ol  the  prog  ram  must 
he  matte.  Pueh  an  analyst*  can  determine  such 
things  as: 

a,  Scope  of  test  program, 

b.  desirability  o(  using  model  parachutes, 
fit  Test  equipment  needed. 

d,  Necessary  local  manuffteture  or  (tltarn- 
lion  needed  on  test  equipment. 

e,  Teat  rsaulta  anticipated, 

I,  Desired  Instrumentation, 

g.  Requirement  tor  alteration  ol  the  equip- 
merit  being  tented  during  course  of  tests, 

From  the  tnlormatton  thus  gained,  a  program 
Including  the  following  Is  made  out. 

Description  of  Item  to  be  tested: 

Parachutes)  and  Accessories 

a.  Standard  types 

b.  Test  types 

o.  Special  types 

Special  Supporting  Equipment 

a.  Transportation 

b.  Cranes 

c.  Trucks,  radio  Jeep,  etc. 

Photographic  Requirements 

a.  Alr-to-atr 

b.  Ground-to-air 

c.  Atrciaft-to-alrcraft 

d.  Bowba-to-alr 

e.  Special  vehicles 

Teat  Equipment  Needed  (bombs,  platforms,  etc.): 
Teat  Performance  Ranges 

a.  Launching  speed 

b.  Launching  altitude 

c.  Total  drop  weight 


Aircraft  Requirements 


a,  Drop  aircraft  tvpc 

b,  Support  aircraft  type 

c,  Special  purpose  aircraft  type 

Uther  Test  Facilities 


a.  Whirl  tower 

b,  Paragun 

o.  Wind  tunnel 

d.  Static  tort  faotllties 

e.  Aircraft  tow 

Instrumentation  Requirements 

a,  Telemetering 

h.  Magnetic  tape  recorder 

r>.  Tem»l0meter#  pelf  ,  recording 

d.  Accelerometer,  seU -recording 

e.  Oeellloifteter,  self-recording 

f.  denning  jjtlnmentn 

g.  Drepllnfr 

h.  Phototliuudollte 
I.  Other 

8.8  PARACHUTE  TESTING  Mfei  HOD*. 

8.8.1  GENERAL.  The  methods  of  testing  which 
have  been  and  are  being  employed  in  the  evalua¬ 
tion  of  parachute  and  parachute  nyatemn  char  nr - 
terietiee  and  performance  may  be  classified 
an  follows: 

a.  Drop  teste 

(1)  from  aircraft 

(2)  in  Inclosed  shelter 

b.  Wind  tunnel  tests 
Ci  Laboratory  tests 

d.  Whirl  tower  tests 

e.  Aircraft  tow  tests 

f.  Projectile  gun  tests 

g.  Rocket  sled  tests 

h.  Impact  testing  or.  Inclined  test  facility 

for  heavy  cargo  equipment 

Each  of  these  tests  has  its  own  particular 
Advantages.  In  some  Instances,  the  only  worth¬ 
while  test  will  be  actual  aircraft  drop  tests. 
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In  many  other  instances,  use  of  other  types  of 
teats  will  refleet  greet  navlngfl  In  coat,  much 
more  rapid  programming,  more  accurate  and 
complete  Instrumentation,  better  photographic 
coverage,  and  more  precise  teat  control,  Foa- 
alble  utilization  of  available  teat  facilities  and 
instrumentation  la  compiled  in  Figure  8-8-1, 
This  tabulation  la  based  upon  results  obtained 
during  parachute  tent  application;  however,  it 
dues  uut  limit  lh«  uUU'mUmi*  of  either  tent 
factHHes  or  instrumentation  to  those  Hated,  nor 
does  It  restrict  possible  combinations  of  both, 

8.3  DROP  TESTS, 

8.3.1  ORNERAL,  The  great  majority  of  para¬ 
chute  drop  teats  are  performed  by  one  of  two 
bsHtc  motho>ls; 

a,  from  a  fined  position  In  the  air  or  in 
an  enclosed  shelter 

b,  from  an  aircraft  in  flight. 

The  greatest  single  advantage  u(  the  free-fall 
drop  method  in  the  hlmmice  of  any  restraint  on 
the  motion  of  the  parachute -load  system.  Be- 
cause  the  control  and  measurement  of  test  con¬ 
ditions,  as  well  an  observation  of  the  motion  of 
the  parachute  system,  are  difficult  In  free  sir, 
the  sheltered  parachute  drop  tests  hnvebeenthe 
most  productive  of  accurate  quantitative  data. 
In  general,  alrshop  docks  and  parachute  drying 
towora  are  used  (or  Indoor  teats  on  sinuU-Htge 
canopies. 

8.3.8  CHOP  TEBTU  IN  ENCLOSED  SHELTERS. 
(Sen  Figure  U-2-2.)  A  number  of  parachute  test 
programs  have  been  conducted  in  enclosed 
shelters,  and  accurate  performance  charac¬ 
teristic!?  have  been  obtained,  During  these  test 
programs,  model  parachutes  In  si  ecu  of  up  to 
18  feet  In  diameter  were  used  and  performance 
data,  such  as  drag  coefficient,  oscillation  (am¬ 
plitude  and  frequency),  opening  shook,  and  drift, 
have  been  obtained. 

2.3.3  USE  OF  MODEL  PARACHUTES.  Model 
parachutea  provide  a  relatively  inexpensive 
means  of  determining  trends  In  parachute  de¬ 
sign.  Model  parachutes  do  not  have  the  same 
drag  coefficients  aatheirfuH-stae counterparts. 
However,  any  change  In  a  model  parachute  that 
shows  a  drag  coefficient  change  will  generally 
achieve  a  change  In  the  same  direction  on  a 
larger  chute  that  is  so  modified.  The  same  holds 
true  lor  design  changes  affecting  stability  and 
to  a  certain  degree,  opening  characteristics. 

2.3.4  SIXTY-FOQT  DROP  TOWER.  (See  Figure 
8-2-3.)  A  80-foot  outdoor  tower  Is  used  to 


simulate  the  forces  encountered  in  ccrtatn 
cases  in  which  acceleration  and  deceleration 
measurements  are  desired.  Full  telemetering 
magnetic  tape  recording,  or  direct  recording, 
is  available  at  the  site.  It  can  only  oe  used  for 
load  drops  within  weight  limitations;  It  cannot  be 
used  to  test  canopies.  It  may  be  used  to  teat 
dynamic  stresses  in  parachute  harness  and 
risers.  • 

2,3.1  CRANE  OR  HOIST  DROP  'TEST.  Crsneaor 
hoists  provide  an  economical  method  of  making 
static  drop  tests.  They  arc  particularly  valuable 
in  testing  impact  reaction.  The  object  under  test 
may  be  hoisted  to  a  height  which  will  achieve  an 
impact  velocity  equal  to  the  desired  rate  of  de¬ 
scent.  Figure  8-8-4  shows  a  cargo  pfatiorm 
system  undergoing  an  Impact  test.  In  such  tecta, 
pisiform  decelerations  and  pressures  within  the 
air  bags  may  be  measured,  and  moving  pictures 
will  record  platform  behavior  during  ground 
Impact,  One  rtlHiidvanlwge  of  this  type  of  test  to 
that  terrain  and  drift  conditions  may  nut  dupli¬ 
cate  actual  drop, 

2.3,8  DROP  T Fill’ll  FROM  AN  AIRCRAFT  IN 
FLiDHT.  (dee  Figure  8-8*  B.)  Drop  tests  from 
aircraft  have  the  advantage  of  obtaining  actual 
full-scale  conditions  at  speeds  and  sUHudcsupto 
about  430  knots  at  40,000  feet.  Two  general 
types  «4  tests  are  performed;  functional  tests 
and  performance  tests.  The  purpose  of  the 
functional  drop  test  Is  to  determine  whether  a 
parachute  design  or  parachute  system  will  be¬ 
have  as  predicted  when  subjected  to  a  known  set 
of  conditions.  The  performance  teat,  is  made  for 
the  purpose,  of  evaluating  the  varloua  mechanical 
end  aerodynamic  characteristics  of  a  parachute 
design  or  parachute  system.  The  following  In" 
formation  may  bu  obtained  during  these  tests: 
(1)  deployment  sequence  time,  (2)  Inflationtime, 
(3)  opening  shock  and  force  time  history,  (4) 
average  drag  coefficient,  (G)  stability  (average 
angle  and  frequency  of  osclllutton),  (0)  gliding 
(average  flight  angle  and  path),  (7)  flight  tra¬ 
jectory  and  rate  of  descent,  (8)  strength,  and  (9) 
flying  shapes. 

During  these  drop  tests,  aside  from  describing 
the  parachute  system,  instrumentation,  drop  test 
vehicle  type,  and  weight  used  durlngthe test,  the 
following  vital  data  should  be  recorded  to  assure 
the  usefulness  and  generality  of  reported  drop 
test  results  and  allow  for  their  close  evaluat'on: 

(I)  launching  velocity,  (2)  launching  altitude,  (3) 
static  line  lengths,  (4)  timer  used,  (5)  deployment 
time,  (8)  opening  time,  (7)  filling  time,  (8)  reefing 
time,  (9)  disreefing  time,  (10)  extent  of  damage, 

(II)  rate  of  descent,  (12)  drift,  (13}  oscillation 
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Fi&urti  fyrv{>  Tent  tn  Laryc  Airnktp  thick 

angle  and  frequency,  (14)  general  Impression  of 
parachute  behavior,  (19)  wind  velocity,  (16)  air 
temperature,  (If)  barometric  pressure,  (10) 
relative  humidity,  (10)  general  ntmoepherlc 
conditions  (vtalblltty,  etc.),  nut)  (00)  type  of 
terrain.  For  apeclal  htgh-altitude  teata  the 
knowledge  of  the  position  of  the  Bun  may  lie  of 
value. 

8.4  WIND  TUNNEL  TESTS. 

3. 4.1  ADVANTAGES.  The  use  of  wind  tunnels 

fur  the  measurement  of  aerodynamic  charac¬ 
teristics  and  the  acquisition  of  performance  data 
applicable  to  parachute  design  has  been  one  of 
the  most  productive  testing  methods  for  the  ad* 
vancement  of  parachute  designs.  (See  Figure 
8-2-8.)  Although  wind  tunnel  testing  is  not  well 
adapted  to  the  study  and  determination  of  all  of 
the  aerodynamic  characteristics  of  parachutes 
and  parachute  systems,  the  method  presents 
certain  advantages  that  balance  out  the  short¬ 
comings  of  data  obtained.  The  advantages  of  the 
wind  tunnel  method  relative  to  other  parachute 
test  methods  derive  mainly  from  tho  following 
considerations;  (1)  the  test  conditions  are  sub¬ 
ject  to  close  control,  (2)  measurement  of  maxi¬ 
mum  precision  may  be  made,  (3)  many  test  data 
con  be  obtained  In  a  short  period  of  time,  and  (4) 
comparative  relationships  usually  carry  over  to 
full  scale  fv  ondiiions,  within  certain 

limits. 

2.4.2  DISADVANTAGES.  Disadvantages  arise 
mainly  from  the  small  models  required,  the 


restraint  placed  on  the  freedom  of  motion  of  the 
system  in  the  wind  tunnel,  and  limitations  placed 
on  the  maximum  dynamic  pressures  that  can  be 
applied.  A  number  of  teat  problems  are  en¬ 
countered  during  wind  tunnel  teata,  of  which  the 
moat  important  are;  (1)  wind  tunnel  wail  and 
blocking  effect,  (2)  tenting  below  the  critical 
Reynolds  number,  (9)  direct  measurement  of 
canopy  aide  loads,  and  ^mounting  of  the  models 
to  minimise  separation  effects. 

blocking  effects  arise  when  the  ratio  of  the  model 
diameter  to  the  throat  diameter  la  large,  Tho 
maximum  rallu  of  model  diameter to  wind  tunnel 
Jet  diameter  to  In  the  order  of  16  to  29  percent  If 
blocking  effects  are  to  be  minimised.  Title  dia¬ 
meter  ratio  applies  t«  shock  furce  measurement 
only,  and  nut  to  forces  end  momenta  acting  on  the 
canopy,  where  smaller  modelo  should  be  used, 
la  general,  for  iwal  teaulla,  m«  ptojnvioM  n*oa 
of  the  inflated  canopy  should  not  exceed  16  per¬ 
cent  of  the  tunnel  throat  area. 

Wtnd  tunnel  testa  are  conducted  above  the  critical 
Reynolda  number,  whenever  possible.  In  order  to 
minimize  scale  effect,  As  tn  aircraft  work,  an 
attempt  Is  made  to  achieve  Reynolda  numbers 
equivalent  to  actual  full-scnlotcot  conditions,  but 
this  has  seldom  been  feasible,  because  of  the 
large  size  of  the  parachutes. 

The  system  for  mounting  the  model  In  the  wind 
tunnel  should  be  sufficiently  rigid  to  prevent 
vibration  from  causing  excosslvu  fluctuation  tn 
the  angle  of  attack. 

2.4.3  ^BllFORMANCE  CHARACTERISTICS.  The 
following  parachute  performance  characteris  ¬ 
tics  may  be  .determined  in  a  wind  tunnel: 

a.  Aerodynamic  force  and  moment  co¬ 
efficient  versus  angle  of  attack. 

b.  Geometrical  properties  of  the  inflated 
canopy. 

c.  Critical  opening  and  closing  velocities. 

d.  Dynamic  stability  of  missile  stabilizing 
systems. 

e.  Opening  shock  and  other  inflation  char¬ 
acteristics. 

f.  Rotational  velocity  of  autoroiatlug  para¬ 
chutes. 

g.  Force  and  Inflation  characteristics  of 
reefed  parachutes. 

h.  Other  pertinent  data. 

2.S  LABORATORY  TESTS. 

2.5.1  GENERAL.  Laboratory  tests  include  tests 
made  on  the  component  part  rather  than  on  the 
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Figure  H-2‘3.  Air  Bag  Undergoing  Test  Using  60-Foot  Drop  Test  Facility 


complete  parachute  assembly.  The  primary 
area  of  Investigation  on  fabrics  Involves  per¬ 
meability,  strength,  and  elasticity.  Subsidiary 
tents,  such  as  tho;ie  concerning  chemical  ana¬ 
lysts,  weathering  qualities,  or  friction  co¬ 
efficient  of  a  material,  are  made  with  reference 
to  their  effect  on  the  primary  characteristics. 
Since  textile  requirements  in  other  fields  are 
somewhat  similar,  the  testing  equipment  for 
parachute  textiles  has  been  borrowed  or  adapt¬ 
ed  from  these  other  fields.  Perhaps  the  prin¬ 
cipal  difference  in  the  parachute  field  is  a 
shifting  of  emphasis.  Characteristics  such  as 
permeability  and  elongation  onthelond  are  more 
thoroughly  investlaged.  The  methods  described 
In  the  following  paragraphs  are  primarily  for 


textile  testing.  Some  testing  ts  done  on  para¬ 
chute  hardware,  but  this  has  followed  thn  same 
pattern  as  any  metal  testing  --  that  Is,  bending 
and  hardness  test,  and  spectrographlc  and 
chemical  analysis.  A  number  of  instrumontnaro 
commercially  available  for  all  of  these  tests. 

2.5.2  AIR  PERMEABILITY.  Through  its  control 
of  the  air  mass  Inside  the  canopy  and  the  flow 
over  It,  the  air  permeability  of  the  fabric  is  an 
Important  factor  affecting  parachute  perfor¬ 
mance  characteristics  such  as  critical  opening 
velocity,  opening  shock,  and  stability.  Air  per¬ 
meability  is  measured  by  clamping  a  fabric 
specimen  ttghtty  over  an  orifice.  The  air  flow  is 
either  drawn  or  blown  through  the  fabric 
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Figure  8-5-4.  Platform  Drop  lest  (Static) 


specimen.  The  ut&ndird  method  has  been  to 
measure  flow  in  terms  of  cubic  feet  per  minute 
per  square  foot  of  area  with  0.8  Inch  oi  water 
pressure  drop  acrosB  the  fabric  specimen. 

2.8.3  STRENGTH.  The  strength  of  a  textile 
material  Is  usually  measured  by  clamping  a 
specimen  between  a  fixed  and  movable  set  of 
grips  or  Jaws  and  subjecting  it  to  pull  or  tension. 
The  loading  can  be  imposed  to  the  point  of  rup¬ 
ture  or  to  any  lesser  value.  The  elongation  and 
energy  absorjrtion  can  be  determined  and,  in 
some  instances,  pencil -graphed  directly  from 
the  instrument.  Tensile  strength  1b  usually  ex¬ 
pressed  in  terms  of  pounds,  kilograms,  or  grams 
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per  width  of  the  specimen  for  webbings,  tapes, 
and  ribbons;  pur  specimen  Bhapcd  area  with 
fibers,  yams,  threads,  and  cords;  and  per  inch 
width  In  the  case  of  fabric.  Strength  faeto*  a  are 
measured  under  many  different  conditions,  de¬ 
pending  upon  the  study  being  made.  But  normal¬ 
ly.  they  are  expressed  in  terms  of  standard  dry 
specimen  conditions  at  70*  F  and  6B  percent 
relative  humidity.  The  proper  grip  or  clamp  is 
as  important  as  the  tensile  testing  instrument. 
If  the  specimen  is  not  held  correctly,  errors  will 
result.  A  specimen  undergoing  a  tensile  teat 
must  have  the  load  applied  uniformly  across  the 
specimen,  or  a  tearing  action  win  result,  inai 
is  true  regardless  of  the  type  ofinstrument  used. 
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Figure  8-8-5.  Aircraft  Drop  Tent 


3.9.4  TEAR  RESISTANCE.  Tear  resistance  Is 
considered  an  essential  characteristic  of  para¬ 
chute  textile  fabric  and  Is  a  physical  test  require¬ 
ment  outlined  in  parachute  fabric  specifications. 
The  usual  tensile  testing  Instruments  are  used  to 
pull  the  specimen  on  test.  Two  methods  arc  used 
for  determining  tear  resistance:  the  tongue 
method  and  the  trapezoid  method.  The  tongue 
method  Is  uaed  to  determlnethe  tearing  strength 
of  woven  fabrics  that  have  approximately  the 
same  tearing  strengths  in  both  warp  and  filling 
directions.  The  trapezoid  method  Is  used  for 
fabrics  that  have  unequal  warp  or  filling 
strengths. 

2,  B.8  HEAT  AND  FRICTION.  Because  of  pre¬ 
sent  high-speed  applications,  heat  resistance  has 


become  an  Important  property  of  parachute  tex¬ 
tiles.  The  generation  of  heat  by  friction  has  also 
made  It  Important  to  know  the  coefficient  of 
friction  of  the  fabric.  For  determining  the  static 
coefficient  of  sliding  friction,  the  Inclined  plane 
type  of  apparatus  lathe  simplest  inconstruction, 
operation,  and  calibration.  The  Inclining  or  a 
plane  to  the  horizontal  Is  gradually  increased  and 
the  angle  measured  at  the  instant  when  a  block 
begins  to  slide  down  the  plane.  The  tangent  of 
thic  critical  angle  is  numerically  equal  to  the 
coefficient  of  static  friction  of  whatever  material 
is  on  thu  block  and  plane  surface.  The  tangent 
is  measured  by  means  of  a  vertical  scale  fixed 
behind  the  inclined  plane  at  a  known  distance 
from  the  rotational  center  of  the  plane.  In 
addition  to  the  tests  described,  a  variety  of 
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figure  Wind  Tunnel  Teats 

mtaceltet't'MUu  testa  aro  made  on  parachute  cloth. 
These  material  toots  are described  in Spccitica- 
tion  gcc-t-ibid. 

a.6  WHIRL  TOWER  TESTS. 

2,0,1  GENERAL.  (See  Figure  8-2*7.)  Scientific 
development  and  rigorous  teat  evaluation  of 
parachutes  have  been  retarded  by  the  difficulty 
of  conducting  and  observing  controlled  export - 
monte  with  large  utfull-ucale  models  under  nor* 
mat  or  near  normal  operating  conditions.  Consl* 

deration  of  this  problem  led  to  the  development 
of  the  Whirl  Tower  Test  Facility  at  El  Centro, 
Catfornla.  In  addition  to  providing  precise 
speed  controls  and  predictable  flight  path  data, 
the  whirl  tower  provides  free  fall  test  data  and 
evaluation  of  large-scale  parachutes  by  permit¬ 
ting  release  ol  the  parachute  load  system  from  all 
restraints  during  the  test.  This  Is  made  possible 
by  mounting  the  test  vehicle  with  a  parachute 


Figure  I’amctiulu  Whirl  Tinner 

pack  on  u  jf  ae  device  inside  n  streamlined 
missile  Busptntind  from  tho  whirling  arm  ot  the 
tower.  Parachute  deployment  Is  effected  Im¬ 
mediately  after  release  by  means  of  an  electrical 
squib  and  a  short  static  line  attached  to  the  test 
vehicle.  Since  the  action  ot  centrifugal  force 
ceases  at  the  instant  oi  release,  the  f»  eo-llylng 
parachute* *ioad  nyatoiu  follows  a  prcdrtOifl)lil&u 
course  similar  to  the  trajectory  encountorcd  in 
normal  drops  from  ulrcrafl.  The  height  of  the 
release  point  generally  tssuMctenttoenabieUie 
canopy  to  reach  the  stabilized,  fully  inflated  con¬ 
dition  of  normal  operation  for  a  brief  Interval 
prior  to  touchdown  of  the  test  vehicle.  Because 
the  flight  trajectory  is  short  and  Its  dtreetton  re¬ 
producible  within  narrow  limits,  very  complete 
fixed  instrumentation  coverage  is  possible. 
Structurally,  the  parachute  whirl  t<twor consists 
of  a  truncated  steel  tripod  erected  to  support  a 
vertical  central  drive  shaft.  At  a  point  120  feet 
above  the  ground,  a  counterbalanced  boom  Is 
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secured  to  the  central  drive  shaft.  From  the 
arm  of  the  boom,  88  tee t  outboard  otthe  central 
drive  shaft,  a  114-foot  long  flexible  steel  cable 
la  suspended,  The  cable  supports  a  at  ream - 
lined  missile  which  incorporates  provisions 
lor  carrying  and  releasing  test  vehtcles  and  the 
parachutes  to  be  tested,  The  whirl  tower  with 
a  maximum  working  radius  ot  172  teet  and  a 
k.eiKJrtip,  drive  inotoi  wea  designed to  accelerate 
a  290-pound  dummy  load  to  a  rotatio  n*!  velocity 
d  433  knots,  At  488  knots  the  g  lores  is  98,6. 
The  following  types  ol  parachute  tests  con¬ 
ducted  on  this  test  lactltty  are  defined  ns: 

a.  Reliability;  the  consistency  and  uni¬ 
formity  of  deployment  and  opening  pro¬ 
cesses  over  a  large  number  of  tents, 

b.  Functional  general  behavior  of  r»,  parn- 
chute, 

c.  Performance  evaluation  (characteris¬ 
tics  dots), 

d.  Htrength  evaluation  (destruction  tests). 

e.  Basic  research  tests  in  support  of 
theoretical  rdudies 

The  whirl  tower  never  can  be  suitable  for  s 
complete  study  of  a  parachute’s  behavior,  be¬ 
cause  the  maximum  drop  altitude  is  fixed  at 
lao  fuut  by  the  tower's  height,  In  Its  present 
Hints,  the  facility  is  not  suitable  for  performance 
d  tests  that  require  speeds  beyond  438  knots, 
load  weights  of  more  than  300  pounds,  or  para¬ 
chutes  larger  than.  32  feet  in  diameter.  It 
appears  to  be  possible  to  undertake  and  accom¬ 
plish  a  running  average  of  six  drops  an  hour, 
Obviously,  this  number  will  be  reduced  by  oc¬ 
casional,  normal  delays,  end  will  be  leas  for 
more  complicated  teats  employing  special  In¬ 
struments  and/or  unusual  procedures.  Beside?) 
the  evaluation  of  parachutes  of  various  designs 
and  different,  applications,  such  parachute  ac¬ 
cessories  us  harnesses,  fittings,  deployment 
bags,  static  lines,  end  pilot  and  extraction  chutes, 
devices  associated  with  deployment  may  be 
thoroughly  tested.  The  behavior  of  parachutes 
In  the  reefed  condition  may  also  bo  observed  and 
measured. 

The  whirl  tower  provides  these  Important  ad¬ 
vantages: 

a.  Rapid  programming  (up  to  six  drops 
per  hour). 

b.  Cheapness. 


c.  Short  static  line  control  keeps  speed 
decay  to  a  minimum, 

d.  Release  position  may  bo  controlled  or 
kept  constant. 

e.  Very  exact  duplication  of  testa  for  com¬ 
parative  purpose*)  is  possible, 

f.  Scale-down  chutes  may  be  used  to  de¬ 
termine  trends. 

Disadvantages  are: 

a.  Relatively  short  deployment  system 
must  be  used. 

b.  Blze  and  weight  ore  limited,  Maximum 
weight  dphrachute-lond  combination  la 
230  pounds,  (Bee  Figure  8-2-B  for  re¬ 
duction  hi  speed  necessary  with  In¬ 
crease  In  weight.) 

c.  Drop  time  Is  very  short  and  rated  de¬ 
scent  tests  are  not  possible,  (Bee 
Figure  8-2-0  for  height  above  ground 
versus  time  after  release  —  the  longer 
time  at  high-speed  release  is  due  to 
more  rapid  opening.) 

2.0, 2  IlMlJAUlLlTY  TFflTfl.  A  determination  of 
the  consistency  and  uniformity  of  parachute 
opening  over  a  Statistically  significant  number  of 
operations  requires  very  little  Instrumentation. 
Accurate  data  may  be  obtained  through  the  use  of 
stopwatches  and/or  photographic  equipment.  It 
in  also  possible  through  use  of  the  correct 


Ftiture  8-2-8,  Design  Speed  Versus  Weight  for 
Whirl  Tower  Tests 
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Figure  g-3-9>  Height  Above  Ground  Versus 
time  After  Release 

lengths  of  static  line  to  reproduce  with  sufficient 
accuracy  the  conditions  of  tent  drops  from  air¬ 
craft.  Although  the  height  of  the  tower  t8  less 
than  the  drop  height  specified  for  opening  reli¬ 
ability  and  tents  of  personnel  parachutes  with 
twisted  linen,  a  preliminary  indication  of  the 
ability  of  the  parachute  to  pan » such  tcatB  may  be 
obtained.  The  height  of  the  tower  is  also  less 
than  thut  specified  for  minimum  altitude  opening 
reliability  teats,  and  thus  provides  a  severe 
minimum  altitude  teat  for  parachutes  of  all  types. 

2.6.3  FUNCTIONAL  TESTS.  A  general  deter¬ 
mination  of  the  characteristic  behavior  of  anew 
or  modified  parachute  can  be  accomplished  with 
very  little  instrumentation.  With  the  exception 
of  stability  and  rate  of  descent,  the  significant 
information  needed  may  be  obtained  with  stop¬ 
watches  and  minimum  photographic  equipment, 
such  as  a  16-mm.  motion  picture  earners  and  a 
4x5  sequence  still  camera. 


2.6.4  PERFORMANCE  EVALUATION  TESTS. 
A  complete  evaluation  of  the  performance  char¬ 
acteristics  of  parachutes  cannot  be  made  with 
the  Whirl  Tower  Test  Facility.  However,  with 
the  exception  of  oscillation,  gliding,  and  similar 
characteristics  associated  with  steady  descent, 
all  of  the  basic  data  niquired  can  be  obtained, 
Suitable  instrumentation  may  be  employed  and 
all  data  recorded  versus  a  common  time  base. 
Eitho?  telemetering  or  magnetic  tape  recording 
systems  may  be  used  in  connection  with  suit  able 
Henning  elements. 

3.6.6  STRENGTH  EVALUATION  TEETH. 
Strength  evaluation  teste  of  parachutes, 
commonly  referred  to  aa  destruction  teats,  en¬ 
tail  making  a  series  uf  successively  higher 
velocity  tesla  unit!  extensive  damage  or  do- 
fit  ruction  of  the  parachute  rcnnlte.  The  opening 
shock  force  may  be  measured  and  recorded 
very  satisfactorily  by  means  of  Erllne-type 
self-recording  tensiometers. 

3.6.6  D  ASIC?  RESEARCH.  A  variety  uf  parachute 
tests  in  support  of general  theoretical  and  em¬ 
pirical  studies  may  be  performed  effectively 
with  the  whirl  tower.  Fabric  workers  can  make 
alterations  while  tests  are  still  in  progress. 
Various  methods  of  packing  may  be  tried  and 
compared.  Instrumented  teats  could  ytelrtvaiu- 
able  date  on  all  aspects  uf  parachute  deployment 
and  opening  pi  ;  esses,  both  for  further  study  of 
the  physical  tews  governing  parachute  behavior 
and  for  substantiating  theories  and  methods  de¬ 
veloped  on  such  subjects  as  stresses  in  para¬ 
chute  canopies  and  the  effect  of  varying  design 
parameters  on  parachute  performance.  (See 
Figure  d-a-iO.) 

e.7  AIRCRAFT  TOW  TESTS. 

3.7.1  GENERAL,  The  towing  of  parachutes  be¬ 
hind  aircraft  has  proven  to  bo  a  satisfactory 
method  of  testing  parachutes,  particularly  for 
applications  in  which  the  parachute  is  used  in 
conjunction  with  aircraft  in-flight  or  landing  de¬ 
celeration.  Since  it  is  becoming  standard  prac¬ 
tice  to  equip  jet  fighter  and  bomber  type  aircraft 
with  deceleration  parachutes,  the  parachute  sys¬ 
tem  for  a  particular  installation  should  be  tested 
behind  the  designated  aircraft.  In  this  manner 
only,  tho  performance  characteristics  of  the 
parachute  syslom  can  bn  accurately  determined 
under  actual  conditions.  This  is  essontially 
true  whero  woke  effects  are  encountered. 

3.7.2  B-26  "WINGLESS  WONDER"  TEST  VE¬ 
HICLE.  (Sen  Figure  8-2-11.)  The  B-26  "Wing¬ 
less  Wonder"  has  been,  and  is  being,  used 


WADC  TR  55-265 


0-2-12 


T5? 


-  t  - 


~  -  -_  -.-  =. 


— ii  r  -■'  • 


~~  1 


figure  S°r«IP,  Fanwhuto  Whirl  Ttnvtir  in  operalim 


extensively  to  obtain  performance  data  on  vari¬ 
ous  parachute  designs  and  to  evaluate  the  per¬ 
formance  of  parachute  syBtemB  lor  aircraft 
landing  deceleration  applications.  Parachute 
deployment  characteristics  can  bo  obtained  at 
speeds  op  to  130  knoto  on  a  10,000-fuot-lnng 
runway  Parachutes  ot  diameters  up  to  33  feet 
have  been  tested.  Instrumentation  to  measure 


and  record  parachute  force,  ground  speed,  and 
various  other  phenomena  versus  a  common  lime 
base  is  Installed  In  the  test  vehicle.  Theweluht 
of  the  atrcTftfl  le  approximately  SO.fMM)  pounds. 

8.7.3  P-47  1N-FMOHT  TESTS.  (Sec  Figure 
8-8-13.)  To  measure  specific  parachute  per¬ 
formance  chftkuuto'l.atlcs  at  higher  deployment 


wm 


Figure  8-2-11.  B-26  Wingless  Wonder"  Test  Vehicle 


8-2-13 
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ft gnre  Hr-M-'t#,  h-47  Aircrqfl  lined  for  Vmwhuto  toot 

P|i«tt1ri  and  |u  fevftluatf'  the  performance  of  para-  during  the  descent  phaHC,  One  «<k  the  major  db**- 
chute  nyotmiiu  fur  aircraft  In-flight  uppUcattiina,  advantage*  id  thlu  tent  mi  thud  It .  that  Inthe  event 

*  B-47  type  aircraft  hue  been  uaed  iiuc.ueaeftiUy  high  uuuaunlc  ur  low  euperBunlc.  parachute  de¬ 
an  a  teat  vehicle.  Parachutes  In  alee*  of  up  to  ptoyment  to  deal  red,  the  weight  <>(  (he  teat  vehicle 

19  feel  In  diameter  may  he  deployed  at  npcwfa  hao  to  he  relatively  light,  thuli  rudunlng  the  teat 

id  up  to  !tm  huuto  without  Impairing  the  outety  parachute  to  moderate alae.  (flee  Figure  8*8*14.) 

of  flight.  The  U-47  ulreraft  In  equipped  with  One  of  the  prutiiemn  encountered  luthedevelop- 

Inutrumrniattoii  to  MHOiure  and  record  para-  meet  of  the  parachute  gun  system  to  that  yf  hh- 

ehute  fore  oh,  ulreraft  aimed,  and  ether  pura-  nurlng  rapid  and  reliable  deployment  of  the  para¬ 
chute  phenomena  vermin  time.  The  weight  of  the  chute  after  the  projectile  In  clear  of  the  barrel, 

aircraft  during  test  Is  approximately  130,006  Thin  In  complicated  by  the  presence  of  the  driving 
pounds.  plate,  which  must  separata  from  the  bane  of  the 

project!’?  Hit  it,  when  deployment  from  the  aide 
8.8  PROJECTILE  GUN  TESTS.  of  the  projectile  In  not  feasible.  Another  major 

problem  to  seen  in  the  development  of  antnntru- 

2.0.1  PAHAGUN.  (See  Figure  8-2  19.)  The 
projectile  gun  (Paragun)  for  the  testing  of  model 
parachutes  provides  an  economical  method  of 
obtaining  both  qualitative  and  quantitative  per¬ 
formance  data  over  awlderangeof  dynamic  con¬ 
ditions.  The  Paragun  is  essentially  a  smooth¬ 
bore  c.fuv.io.t  having  a  20-foot  barrel  and  a  10-iuch 
bore.  The  propulsion  pressure  Is  achieved  by  an 
air  pump  pressure  built  up  to  1,400  psi  in  a 
closed  pressure  chamber  behind  the  projectile. 

This  1,400  psi  is  then  Increased  to  2,800  pot  by 
calrod  heating  units.  Discharge  Is  achieved  by 
a  hydraulic  pressure  release  system.  This  de¬ 
vice  Is  well  adapted  for  the  execution  of  a  series 
of  teat  shots  with  great  rapidity.  Thetypeof  tra¬ 
jectory  desired  can  be  obtained  by  varying  the 
elevator,  of  the  gun,  and  this  in  turn  determines 
the  location  of  some  oi  the  range  instrumentation. 

I.ow  elevations  are  best  for  close  observation  of 
hlgh-veloclty  deployment,  while  high  elevations 

permit  the  close  observation  of  the  parachute  Figure  S-P.-13.  Paragun 
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ment  system  that  will  be  able  to  sense  and  record 
desired  i*ar»iehute  phenomena  under  sustained 
gravitational  forces  encountered  during  Hit 
phases  id  tin*  test.  A  number  uf  projectile  nun 
'  designs  have  been  titl'd  tn  the  punt. 

8.9  ROCKET  SLED  TEST. 

2.9.1  GENERAL.  Erne  air  test  facilities  am 
1  being  used  sucessiully  for  determining  the  aoro- 

|  dynamic  characteristics  and  performance  of 

parachutes  Hitd  parachute  systems  at  subsonic, 
traiuiuhlc,  und  supersonic  speedy.  Basically,  a 
tree  utr  test  facility  consists  of  a  straight,  pre- 
cialon-ttltKnrei  track  along  which  powered  test 
sleds  are  moving.  The  parachute  or  system  to 
!  bo  tested  is  mounted  to  the  test  vehicle.  The  free 

air  test  facilities  have  a  number  of  advantages 
over  othor  test  methods  among  which  are  most 
important: 

i 

I 

:■  a.  Large  size  or  even  full  scale  parachutes 

)  or  systems  may  be  tested;  thus,  dimen- 

i‘:  sional  scale  factors  need  not  bu  con¬ 

sidered. 

!  •  b.  There  are  no  tunnel  blockage  problems. 

| !  c.  Conductance  of  tests  Is  relatively  ln- 

Li  expensive. 


Thorn  am,  however,  several  disadvantages  to  i 

thin  teat  method,  such  an:  the  actual  unable  teat 
period  to  of  elicit  duration,  since  it  is  limited 
by  the  track  length  and  by  tho  tlmo during  which  • 

the  aled  ean  bn  maintained  at  required  teat  v«-  ]  i 

lecltlea;  ai no,  consideration  muat  beglventothe  , 

effects  of  lateral  and  vortical  vibrations,  ac¬ 
celeration,  and  cross  winds,  Two  different  types 
of  rocket  puwered  tiled  teat  vehicles  are  pre¬ 
sently  being  used  for  the  testing  of  parachutes 
and  parachute  systems.  (See Figures  8-8-18  and 
8-2-16.) 

2.9.2  SOLID-FUEL  PROPELLED  PACKET 
SLED.  The  overall  configuration  and  dimensions 
of  the  vehicles  arc  shown  in  Figure  8-2- 17.  The 
test  vehicle  is  a  greatly  modified  IB-2  launching 
car  assembly  designed  to  operate  on  the  10,000-  ; 

foot  track  of  the  Edwards  Air  Force  Base  Free  -y 

Air  Test  Facility.  Two  to  five  T10-E-3  or  if 

X102C1  JATO  units  are  used  to  power  the  vehicle.  p 

The  maximum  speed  of  the  test  vehicle  with  five  ! 

JATO  units  is  about  480  knots;  with  fewer  JATO  '< 

units  the  maximum  speeds  are  correspondingly  T 

less.  Intermediate  velocities  for  parachute  de¬ 
ployment  are  obtained  by  allowing  the  sled  to 
coast  for  a  predetermined  Interval  between  JATO 
burnout  and  parachute  deployment.  The  basic 
weight  of  the  iest  vehicle  or  sled  Is  approximately 
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3,400  pounds.  ThebHirte  JH-2  nlwl  cmudMtnuftt 
large  aluminum  lube  uu  a  main  structural  m#ni» 
bar  with  cast  magntmlum  cross -member  A  sup¬ 
porting  It  at  each  ervll.  The  roarcroas-member 
la  made  In  two  Bor.thmn,  authutitcan  serve  aa  u 
clamp  or  mount  for  the  JATO  propulsion  unite. 
On  the  enda  of  the  crosa-members  are  mounted 
separate  slippers,  which  ride  on  the  rails.  An 
aluminum  structure  Is  built  on  the  JP-8  sled  to 
provide  a  parachute  attachment  point  10b  Inches 
above  the  rails.  The  capsule  at  the  top  of  the 
structure  contains  a  magnetic,  tape  recording 
system  andthe  parachute  compartment.  The  test 
vehicle  is  shown  In  action  In  Figure  8-2-18. 

2.9.3  LIQUID-FUEL  PROPELLED  ROCKET 
SLED.  Figure  8-2-19  shows  the  overall  dimen¬ 
sions  and  configuration  of  this  sled  teat  vehicle. 
The  main  structural  member  of  the  sled  Is  the 
high-pressure  nitrogen  tank,  which  is  10  inches 
In ’diameter.  Box  frame  cross-members  are 
welded  to  each  end  of  the  nitrogen  tank.  The  al¬ 
cohol  and  liquid  oxygen  propellant  tank*  are  12 

Inches  in  diameter  and  are  attached  to  either  side 


of  the  nitrogen  tank  with  fixed  supports  at  the 
rear.  The  fvont  support*  permit  longitudinal 
movement  to  accommodate  growth  or  shrinkage 
of  the  tanks.  The  tubular  diagonal  support  be¬ 
tween  the  front  of  the  slid  and  the  parachute  at¬ 
tachment  potnt  also  acta  uu  on  auxiliary  source  of 
high-pressure  nitrogen  for  the  engine  control 
system.  The  sled  Is  powered  by  a  gaa-preo- 
surlaed,  liquid  propellant  rockot  motor.  The  fuel 
for  this  motor  is  s  mixture  of  Vg  percent  ethyl 
alcohol  and  29  percent  water.  The  oxldlxer  Is 
liquid  oxygen.  A  gaseous  mixture  of  nitrogen  and 
helium  Is  used  for  pressurising  the  fuel  system. 
The  thrust  Is  adjustable  from  3O,0uO  to  50,000 
pounds.  The  maximum  duration  at  60,000-lb. 
thrust  is  approximately  4. b  seconds.  Tho weight 
of  this  sled  test  vehicle  Is  approximately  4,000 
lb.  and  the  maximum  speed  attainable  approxi¬ 
mately  750  knots.  The  thrust  chamber  body  of 
the  engine  Is  of  conventional  design,  with  a 
chamber  to  throat  area  of  2  to  1  and  an  expansion 
ratio  of  3.86  to  t.  The  injector  is  of  the  triplet 
Impinging  type.  Ignition  Is  obtained  with  two  In¬ 
tegral  alcohol-oxygen  igniters  which  are  fired  by 
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Figure  H-  2-16.  Supersonic  Tost  Sled 


b 

i 

aircraft  typ«  spark  plugs.  All  valves  are  pneu- 
I  mattcally  controlled  by  760-psl  nitrogen  sup¬ 

plied  through  solenoid-actuated  valven.  Kere 
|  again,  an  In  the  cane  of  the  solid-fuel  propelled 

i  rocket  sled,  separate  slippers,  which  ride  on  the 

rails,  are  mounted  on  the  ends  of  the  front  and 
rear  cross-members.  A  compartment  contatn- 
<!  tng  the  parachute  la  mounted  to  the  top  of  the 

|-  sled  structure  providing  a  parachute  attach¬ 

ment  point  108  Inches  above  the  ratls.  In- 
'/j  strumentatlon,  consisting  of  a  multichannel 

fj  data  tape  recording  system,  Is  contained  in 

a  separate  compartment  located  on  the  side 
(j  of  the  sled, 

fi 

2.9.4  TEST  SL.jRL*  O  PH  RATION.  (See  Figure 
[:  8-2-20.)  The  parachute  to  be  tested  Is  packed 

f  i  in  a  suitable  container  on  the  sled.  Rocket 

£'j  motors  are  ignited  from  a  blockhouse  near 

li  station  zero,  and  the  sled  accelerates  to  the 

m  required  test  speed.  A  knife  blade  Is  mounted 

r..  on  the  track  at  the  station  where  it  has  been 

j  j 
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predicted  that  this  test  speed  will  occur.  This 
knife  cuts  a  wire  on  the  sled,  which  in  turn 
actuates  a  powder  charge  in  a  blast  bag  that 
ejects  the  parachute  to  be  tested.  The  para¬ 
chute  suspension  lines,  risers,  are  contained 
in  a  canvas  bag  during  ejection.  As  the  pack 
travels  to  the  rear,  the  riser  la  deployed 
from  the  bag  first,  suspension  lines  second, 
and  finally  the  canopy.  With  this  typical  de-  I 

ployment  method,  the  peaks  of  snatch  force  ] 

and  opening  shock  are  separated  and  the  over-  J 

all  maximum  load  is  reduced.  The  riser  v 

Is  connected  to  a  tensiometer  at  the  front  |j 

of  the  parachute  compartment.  Tensiometers 
with  full-scale  loads  of  up  to  100,000  pounds  j 

may  be  used.  As  the  sled  decelerates  to 
approximately  85  knots  the  riser  is  discon¬ 
nected  to  allow  the  parachute  to  drop  to  the 
track.  The  duration  of  parachute  operation 
during  which  data  may  be  obtained  is  usually  1 

between  5  and  10  seconds.  A  water  trough 
between  the  rails  of  the  last  2,000  feet  of 
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figure  d-JML  foe  lined  Teel  Facility 


tract*  serves  aa  a  braking  method  tu  htup  the 
teat  vehicle  tn  ca««  at  parachute  failure.  The 
track  over  thin  length  slopes  downward  approxi¬ 
mately  6  Iwhos.  A  scoop  projecting  below  the 
vehicle  enters  the  water  at  the  beginning  uf  the 
Gough.  The  water  picked  up  by  thin  neoop  ta 
(Uncharged  In  a  forward  direction  from  both 
aides  of  the  teat  vehicle.  This  Imparts  energy 
to  the  water  and  provides  a  braking  force  aa  a 
reaction  on  the  teat  vehicle,  The  water  intake 
shape  and  the  track  elope  are  designed  to  pro¬ 
vide  a  constant  braking  force  as  the  vehicle  ie 
decelerated.  Thn  tappers,  fabricated  of  ateel 
and  lined  with  stellite  to  reduce  wear,  are 
designed  so  that  they  cannot  be  lifted  from 
the  rail  but  have  to  be  taken  off  or  pul  on  by 
eliding  from  the  end  of  the  rail.  Thus,  the 
vehicle  la  held  captive  to  the  track  regardless 
of  the  direction  of  the  forces  exerted  on  the 
slippers.  Small  permanent  magnets  arc  mounted 
at  50-foot  Intervals  along  one  side  of  the  track 
and  a  coll  Is  mounted  on  one  of  the  slippers 
in  such  a  manner  that  it  passer  close  to  the 
magnets  as  the  sled  moves  along  the  track. 
The  resulting  pulses  are  recorded  on  the 
magnetic  tape,  and,  when  compared  to  the 
time  base,  give  a  measure  of  sled  velocity. 


8.10  INCLINED  TEST  FACILITY  KOH  SIMU¬ 
LATING  LANDING  CONDITIONS  ON 
HEAVY  AERIAL  DELIVERY  EQUIPMENT. 

The  Inclined  tent  facility  erected  at  WAUL* 
(Figure  8-3-81)  ie  used  to  simulate  the  condi¬ 
tions  to  which  cargo  platforms  and  other  heavy 
aortal  delivery  equipment  are  subjected  upon 
landing.  The  inclined  teat  facility  In  capable 
uf  lifting  a  loaded  cargo  platform  or  other 
heavy  aerial  delivery  container  weigh¬ 
ing  up  to  35,000  pounds  from  a  vehicle 
or  the  ground  and  accelerating  these  to  pro¬ 
vide,  upon  ground  Impact,  any  desired  combina¬ 
tion  of  horizontal  velocity  up  to  GO  ft.  per  sec 
and  uny  vertical. velocity  desired  between  20  and 
35  ft.  per  see.  The  facility  Is  capable  of 
retrieving  a  load  that  has  been  dropped  and 
repeating  the  cycle  without  such  additional 
equipment  as  trucks  or  cranes. 

The  Inclined  test  factllty  structure  consists 
of  columns  and  beams  mounted  on  reinforced 
concrete  footings,  which  suppuxt  a  central  mono- 
rail  for  a  cargo  and  control  trc.iey.  The 
control  trolley  has  sue  purpose  of  pulling 
the  cargo  trolley  up  the  incline  to  a  pre¬ 
determined  point  from  which  the  cargo  trolley 
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la  released  to  accelerate  down  the  incline. 
The  control  trolley  therefore  in  equipped  with 
an  automatic  coupler  that  can  he  actuated 
by  an  electrical  solenoid.  The  cargo  trolley 
carries  the  platform  or  container  to  he  tested 
Mid  U)  equipped  with  m  ineclwnluul  load  re¬ 
lease  actuated  by  cams  on  the  monorail  In 
the  drop  test  area.  An  adjustable  spring" 
loaded  bfsfceshoe  works  in  conjunction  with 
the  release  so  that  upon  release  of  the  load, 
the  trolley  brakes  against  the  monorail  and 
comes  to  a  stop  oo  the  remaining  portion  of 
lever  rail. 

The  tost  facility  la  completely  inatrumnnted 
so  that  such  phenomena  as  impact  velocity, 
gravitational  forms,  pressures  in  air  bass, 
ntvsss&e  la  load  arresters  aud  antltoppllng 
devices,  as  well  as  <?•  tarsi  performance  of 


the  equipment  upon  ground  Impact  may  be 
accurately  measured  and  recorded, 


Advantages  of  this  test  method: 

a.  Accelerated  testing  id  heavy  aerial 
delivery  equipment  and  components  can 

be  conducted, 

b,  The  affect  of  various  soil  composition^ 
In  the  impact  area  upon  equipment 

lending  performance  may  be  studied- 

e.  Performance  characteristics  can  be 
measured  and  recorded  with  subata*** 
I  lolly  higher  accuracy  than  is  possible 
during  aircraft  drop  teat,  and  superior 
photographic  coverage  Is  available, 
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WARP  Tft  88-7fi,  Volume  I  -  Bibliography  and  Nummary  of  gatvacts  (Confidential) 

(AU  HwWliiaUioia  related  tu  Parachutes 
and  Accessories  up  tu  1053) 


1.1  TECHNICAL  MEMORANDUM  REPORTS  (WAOC), 


INUfuIhsi 


Title 


wci^-Ba-ao 

woi.K-oa-ao 

WCLE"8»"37 


WOl.K’03  Oft 

WCkM«|}P«90 

wGLH-wi-m) 

Wei.H'33'OB 

WGLB- B3"B7 

WCl.B-BB-lOft 

WGLE-Ba-aa 

WC^g-BS-ia? 

wclkbsub 

WCIjfi-B9“l47 
WULK  -B3~8BU 
WCLK-D3-8BI 
wei.is-BS»0ea 
WCLE-83-307 
WCLK-B3-Sa4 


WCItK-83-34,4 


WCLK-B4-MI 

WGLE-B4-34 

WCLE-84-BU 

WCLB-B4-76 

WCLE-B4-BB 


Qualifications  Parachute  Assembly,  Ahle  Furniture  (Tympany 
Qualification  Ttmta  of  Quick  Release  Puttie,  Type  D3  A 
Ring  •’Parachute  Harness  "V",  P/W  ANB3B3'’I 

QuelMteathm;  Gsnopy  Assembly,  Personnel  Parachute,  flneurity  Parachute 
Company 

Qualification;  Parachute  Assembly  Personnel,  Mfltnr  and  Hiuw,  Inn. 
Qualification  of  Personnel  pamhute  Canopy 
Qualification  Teats  of  Quick  Release  Duxes,  I'ypo  B3«A 
Standard  Parachute  Harness 

Qualification,  Pack  Assembly,  Chest  Parachute,  Rainier  Company,  Inn, 
Qualification;  Pack  Assembly  personnel  Parachute,  Guild  Product**,  Inn. 
Type  G-ia  Parachute,  deployment  Systems  Testa  of 
Comparative  Strengths  of  Tape  Joints  Stitched  with  Nylon  and  with  Cotton 
Threads 

Aortal  Delivery  of  Heavy  Equipment  From  the  CM  10  Type  Airplane 
Heavy  Drops  from  (T  UB  Aircraft 
Parachute  Shroud  Line  Stitching 

Automatic  Parachute  Ripcord  Syafem,  Instrumented  Teats  of 
Force  Distribution  in  a  Parachute  Harness  (Interim  Deport) 

Personnel  Parachute  and  Components,  Qualified  Biwrmm  for 

Parachute  Delivery  of  a  78(H)  Pound  and  18000  Pound  Weight  U  Various 

Speeds 

Parachute  Delivery  of  7509,  15,000,  85,000, 30,000  and  48,000  Pound  Weights 
&t  Various  Hpumftf 

Study  of  High  Speed,  Low  Atltiiuda  Drop  id  1800  Pound  and  1C0Q  Pound 
Weights  by  Parachute 

Aerial  Delivery  cf  780  Gallon  Fuel  Tank  and  Its  Associated  Pumps 
Qualification  of  Personnel  Parachute  Canopy 

Forces  in  Static  Lines  During  the  Deployment  Phase  of  Type  T-10  Para- 
elm  tea  (Live  Jump  Phase) 

Airbag  Decelerators  for  CM  30  Load  Platform,  Inutrumonted  Testa  of 


1.2  TECHNICAL  NOTES  (WAPC) 


Number  Author 


Title 


WCLE-82-18 

WCLE-52-28 

WCLE-82-23 

WCLE-52-28 

WCLE-62-28 


Engle,  H.  Jr. 
Oakley,  R  L. 
Oakley,  R  L. 

Oakley,  R.  L. 
Oakley,  R.  L. 


Canopy,  Extended  Skirt  Design,  Teal  of 

Troop  Parachute  -  General  Textile  Mills 

Rate  ..f  Descent  n!  Standard  28  Foot  Flat  Circular  Parachute 

Canopy 

High  speed  Personnel  Canopy 
Canopy,  Pseudo-Ribbon,  Test  oi 
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Number 
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WC!itT-03-lfl0 

WCRTB2'16B 
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W«HT  08-100 
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WURT-B8-44 
WURT-BB  4B 

WORT'-BS-BB 
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WCLB  -08  -141 

Wei,g-09-13B 

WCJRT-83  -303 

WCHT“03*-aO4 

WeRT-03-833 

WCMTbS-244 

WCLB-M-4 

Wt'LB-M-11 

WCLB-M-14 

WCLE-34  -16 

WCLE-B4-1B 

WCLE-B4-19 

WCLE-04-25 

WCLE-B4-34 

WCLE-84-39 

WCLB-B4-40 

WCLE-84-83 

WCRT-54-184 

WCRT-S4-181 

WCRT-84-1B7 

WCRT-34-188 

WCRT-54-208 

WCLE-65-0 

WCLE-65-7 

WADC  TR  05-268 


Title 


Title 


Oakley,  R,  L. 
Kina,  T.  H. 
McGill,  A.  K. 
Campbell,  W.  T. 
Klker,  9,  W, 

1.  H, 
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MeLeed,  B,  L. 
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MuLsud,  K,  L. 
Muss,  9.  W. 
Kilter,  9.  W, 

Modeller,  M.  (1. 
Alehtsger,  O.  B. 

Berry,  W,  O, 


Musa,  9.  W. 
Muss,  J.  W. 

Muse,  9.  W. 
Airhiuger,  G.  E. 

Madafftr,  C. 

Parker,  C.  0. 

Moser,  C,  N. 
Engel,  H.  Jr. 
Kiher,  9.  W. 
Ingersoll,  H.  H. 
Carroll,  C.  E. 
Ingersoll,  H.  H. 
Ingersoll,  H.  H. 
Ingersoll,  H.  H. 

Hegele,  A.  M, 
Lerro,  M. 

Corry,  W.  A. 
Reran,  9.  H. 

Stanton,  P.  Y. 
Stanton,  P.  Y. 
Engel,  H.  Jr. 
Engel,  H.  Jr. 


Frl@d«r  Baseball  Parachute  Canopies 
B-47  Brag  Device  Investigation 


Evaluation  of  French  Deceleration  Parachute 
Conference  Report  on  Parachutes  to  be  Operated  and  fltnreri 
at  High  Temperature 

The  Use  of  Billie  one  Oil  in  ViAF  Parachute  Cloth 

Study  of  Dacron  Yarns  in  parachute  Materials 

The  Effect  of  Yarn  Twist  on  Btsndard  Parachute  Fabrics 

and  KgperiiMenin!  Fabrics 

Semi-Annual  Report,  Evaluation  of  Shock  Absorbing  Textiles 

Semi-Annual  Report,  A  Study  of  the  Effects  of  Friction  on 

Parachute  Materials 

Static  RiuHthdiy  in  Foruehute  Matertals 

Some  fthservutifma  on  Certain  Geometric  Aspect*  ol  yarns 

in  Parachute  Fabrics 

Repults  td  Study  of  Nylon  and  Dacron  at  High  Temperatures 
Investigation  of  Nylar-Type  Polyester  Films  for  Use  1» 
Parathole  Uanoptes 
New  Nylon  Webbings 

Eapertmeulsl  neuron  fnv  Parachute  Fabrics 

Strength  Teat  td  Type  D-l  Deceleration  Parachute  Riser  used 

oa  B°4?  Aircraft 

Evaluation  et  Air  hog  Decelerator  by  Drop  Teals 

Evaluation  of  Parachute  Invest  lose  by  Marcel  Riock,  Antwerp, 

Belgium 

Investigation  id  Fabric  Geometry  and  Its  Relationship  to  Air 
Permeability 

Evaluation  o t  Damage  to  Personnel  Parachutes 
Evaluation  id  Nylon  Parachute  Fabric  After  Eaposura  to 
Artificial  Sun  Light 

Material  Failure  on  Air  Force  Parachul  -  CanopfOe 
Evaluation' of  the  Parachute  Recovery  System  of  the  Uerilkon 
8urfaee-to»Alr  MiesUe 

Evaluation  cd  Three  ypes  of  Airbag  Deceleration  by  Drop 
Teat 

Pack-Parachute,  Automatic  Opening,  Qutek  Attachable  Chest, 
Teat « 

Parachute,  Aerial  Delivery,  300  Pound 
Capacity,  28  Foot  Square,  Performance  Tests  of 
B-47  Approach  Control  Parachute 
Swedish  Expendable  Paper  Parachute 
Parachute  Canopy  Release 
Non-Expendablo  Reefing  Line  Cutter 
Parachute  Pack  Drop  Sling 

The  Design  and  Fabrication  of  Aerial  Delivery  Sling  Sus¬ 
pensions  from  Woven  Nylon  Webbiiwj 
Evaluation  of  Fehlman  Parachute 
Evaluation  of  Parachutes  Manufactured  in  1643 
Some  Principles  of  Parachute  Fabric  Construction 
Study  of  Temperature  Affecting  th-v  Strength  of  F-100  Drag 
Parachute  Materials 
Evaluation  of  Nylon  Webbing  and  Ribbon 
Improved  Nylon  Webbings  for  Parachute  Textiles 
Bridle  Line  -  Pilot  Chute,  Personnel 
Loop  Attachment,  T-10  Deployment  Bag,  Tests  of 
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IB  (Pree-l'llgM) 

Rfccuveiy  Syfittima  for  Mtafliiep  and  Target  Aircraft,  Phane 
2  (Tfannunie) 

Pressure  Losses  Across  Screws  oral  Uriels, 

Investigation  of  Impact  Load  Absorption  Through  Suspension 
Line  Elongation 

Stability  ,4  a  Whirling  Gondola  tMsp«ud*id  from  a  Parachute 

Testing  Tower 

Tents  of  Rotorchules 

Atr  Permeability  of  Parachute  Cloths 

Air  Permeabtltty  of  Parachute  Cloths 

Air  Permeability  <4  Parachute  Cloths  »  Effect  uf  Loading  on 
Elastic  Properties  (4  Parachute  Cloths  without  Air  Plow 
Air  Permeability  of  Parachute  Cloths 

Air  Permeability  of  Parachute  Cloths 

A  hhnty  of  the  Effect  of  Temperature  on  Textile  Materials 
A  Study  to  *1ati*Wt*b  a  Parachute  Research  and  IRtvelop- 
ment  Program  (Confident  tal) 

Bummury  and  Analysis  <4  Enisling  Parachute  Knowledge 


Investigation  t4  Nylar-Typo  Polyester  Pilmn  for  Parachute 
Canopies 

Development  ef  0.9  oa.  Nylon  Parachute  Cloth 

Bomb  Stabilisation  by  Parachute  (Wind  “tunnel  Study)  (Con- 

fldontial) 

An  Empirical  Report  on  the  Effects  of  Polyvinyl  Dutyral  on 
Cargo  Parachute  Shroud  Lines 
Symposium  on  Parachute  Test  lies 

A  Study  nf  the  Effect  of  Temperature  on  Parachute  Texttlo 
Materials 

Study  of  tiie  Control  of  Permeability  o*  Nylon  Parachute 
Cloth  at  High  and  Low  Differential  Proaiures 

Study  of  the  Operation  and  Teal  Frucwlurea  lor  tho  Para¬ 
chute  Whirl  Tower 

Evaluation  of  Nylon  Fabric  Finished  with  /IK- 113  A  Silicone 
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Investigation  of  T-10  Parachute  Canopies 

X-7A  Supersonic  Ramjet  Test  Vehicle  Parachuie  Recovery 

System  (Confidential) 

Handbook  of  P»»rachute  Textile  Materials  and  Properties 
Static  Line,  Type  T-10  Troop  Personnel  Parachute,  Aerial, 

Dynnrdt*  and  Pintle  Tests 

Mechanics  of  a  Parachute  Static  Line  System 
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Kfeiea-HO  Kit  Assembly,  Aerial  ,  Rftd.0  ^  AtfceHHorlea,  Melal, 

Container;  Aerial  BeHvery.  AN/VRC-4,  ««  AeeeeaPCWB, 

Kpachut*,  c£f|“*  ^ *<*  CoaatmUwat 
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Container  Kite,,  Aeri^  Mivipry 

Bacol  Parachute,  W^S  fw 

'■Vrarhutfla,  Cargo,  0«»w*»l  «F«e“‘c“Y^  "Lum  ^  Margins  lor  Ship- 

Heap  HU  Cmiputtenlu,  Heavy  PacMaiag,  ^arn,  «  **  p 

L'aiiiHJv  'lower  parachute,  Free  FeH  ’fyjwi  II  1 

Cmm,  Tower  rarwhute,  Owilro»M  *»» 

PararWenPer^  rOT  ru**;,  ]fypeM6«I 

Parachute,  Cargo  KstrHCthe,  ”  tw 

Canopy,  PBrttrl*Ht6,  «  nB  '  'Alrcrall,  General  Requirement  for 

Parachute.  Experimental;  Inspnetton i»t»  w 

hSJSV/  Parhchuto.  General  H«|t,iT«»*ent  for 

*  *"»  C""B  V"""es 

WeMilng,  TentUo,  Woven,  Nylon 

Webbing,  Textile,  Nylon,  Heavy  U»ly 

Webbing,  Textile,  Woven,  Cotton  Warp 

Webbing,  Nylon,  Tubular 

Webbing,  Nylon-Spun  Nylon  FUler 

Webbing,  Nylon,  Mulllplo  “Tubular 

Ribbon,  Nylon,  Parachute 

Cloth,  Nylon,  Parachute 

Cloth,  Nylon,  Parachute,  Cargo 

Cloth,  Nylon,  Brag  Parachute 

Cloth,  Hayun,  Parachute 

Tape,  Nylon,  Reinforcing 

Tape,  Textile 

Tape,  Textile,  Woven,  Nylon 
Tape,  Cotton,  Reinforcing 
Thread,  Nylon 

Thread,  Cotton,  High  Tenacity 
Cord,  Rayon,  Without  Core,  Braided 
Cord,  Nylon 
Cord,  Nylon,  Corelena 

Cloth,  Nylon  Plied  Yarns,  for  Parachute  P  t 
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